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Essential genes in proximal 3L heterochromatin of 
Drosophila melanogaster . 

Schulze S; Sinclair D A; Silva E; Fitzpatrick K A; Singh 

Lloyd V K; Morin K A; Kim J; Holm D G; Kennison J A; Honda 
B M 

Department of Molecular Biology and Biochemistry, Simon 
Eraser University Burnaby, BC, Canada. 
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Journal code: NGP; 0125036. ISSN: 0026-8925. 
Germany: Germany, Federal Republic of 
Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
200104 

Entered STN: 20010417 
Last Updated on STN: 20010417 
Entered PubMed: 20010319 
Entered Medline: 20010412 
We have further characterized essential loci within the centric 
heterochromatin of the left arm of chromosome 3 (3L) of Drosophila 
melanogaster, using EMS, radiation and P element mutagenesis. We 
failed to find any new essential genes, a result that suggests a 
lower-than-average gene density in this region. Mutations affecting 
expression of the most proximal gene [lethal 1, 11 or l(3)80Fj] act as 
dominant suppressors of Polycomb (Pc) , behavior which is consistent with 
a ' . \ 

putative trithorax' group (trx-G) gene. -The third gene to the left of the 
centromere [lethal 3, 13 or l(3)80Fh] is likely to correspond to 
verthandi 

(vtd) , a known trx-G gene that plays a role in the regulation of 
hedgehog (hh) expression and signalling. The intervening gene 
[lethal 2, 12 or l(3)80Fi] is required throughout development, and mutant 
, alleles have interesting phenotypes; in various allelic combinations that 
survive, we observe fertility, bristle, wing, eye and cuticle defects. 
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MEDLINE 
2001338115 MEDLINE 
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A Ser (365) -->Cys mutation of fibroblast growth factor 
receptor 3 in mouse downregulates Ihh/PTHrP signals and 
causes severe achondroplasia. 
Chen L; Li C; Qiao W; Xu X; Deng C 

Genetics of Development and Disease Branch, Building 10, 
Room 9N105, National Institute of Diabetes, Digestive and 
Kidney Diseases, National Institutes of Health, Bethesda, 
MD 20892, USA. 

HUMAN MOLECULAR GENETICS, (2001 Mar 1) 10 (5) 457-65. 
Journal code: BRC; 9208958. ISSN :. 0964-6906 . 
England: United Kingdom 
Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
200106 

Entered STN: 20010618 
Last Updated on STN: 20010618 
Entered PubMed: 20010222 
Entered Medline: 20010614 
Missense mutations in fibroblast growth factor receptor 3 (FGFR3) result 
in "several types of human skeletal dysplasia, including the neonatally 
lethal dwarfism known as thanatophoric dysplasia. An engineered 
Ser (365) -->Cys substitution in mouse FGFR3, which is equivalent to a 
mutation associated with thanatophoric dysplasia-I in humans, has now 

shown to cause severe dwarfism but not neonatal death. The mutant mice 
exhibit shortened limbs as a result of markedly reduced proliferation and 
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of the Indian hedgehog (IHH) and parathyroid hormone-related 
protein (PTHrP) receptor genes, both of which are important for bone 
growth. Interactions between FGFR3- and PTHrP-receptor-mediated signals 
during endochondral ossification were examined with embryonic metatarsal 
bones maintained in culture under defined conditions. Consistent with the 
in vivo observations, FGF2 inhibited bone growth in culture and induced 
downregulation of IHH and PTHrP receptor gene expression. Furthermore, 
PTHrP partially reversed the inhibition of long bone growth caused by 
activation of FGFR3; however, it impaired the differentiation of 
chondrocytes in an FGFR3-independent manner. These observations suggest 
that FGFR3 and IHH-PTHrP signals are transmitted by two interacting 
parallel pathways- that mediate both overlapping and distinct functions 
during endochondral ossification. 
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in the developing visual system of Drosophila. 
Poeck B; Fischer S; Gunning D; Zipursky S L; Salecker I 
Lehrstuhl fur Entwicklungsbiologie, Institut fur Zoologie, 
Universitat Regensburg, Universitatsstr . 31, 93053, 
Regensburg, Germany. 
NEURON, (2001 Jan) 29 (1) 99-113. 
Journal code: ANB; 8809320. ISSN: 0896-6273. 
United States 

Journal; Article; (JOURNAL ARTICLE)- 
English 
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Last Updated on STN: 20010404 
Entered PubMed: 20010222 
Entered Medline: 20010308 
AB In the fly visual system, each class of photoreceptor neurons (R cells) 

projects to a different synaptic layer in the brain. R1-R6 axons 
terminate 

in the lamina, while R7 and R8 axons pass through the lamina and stop in 
the medulla. As R cell axons enter the lamina, they encounter both glial 
cells and neurons. The cellular requirement for R1-R6 targeting was 
determined using loss-of-f unction mutations affecting different cell 

types 

in the lamina, nonstop (encoding a ubiquitin-specif ic protease) is 
required for glial cell development and hedgehog for neuronal 
development. Removal of, glial cells but not neurons disrupts R1-R6 
targeting. We propose that glial cells provide the initial stop signal 
promoting growth cone termination in the lamina. These findings uncover a 
novel function for neuron-glial interactions in regulating target 
specificity. 
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The Gsh2 homeodomain gene controls multiple aspects of 
telencephalic development. 

Corbin J G; Gaiano N; Machold R P; Langston A; Fishell G 
Developmental Genetics Program and the Department of Cell 
Biology, The Skirball Institute of Biomolecular Medicine, 
New York University Medical Center, New York, NY 10016, 
USA. . fishell@saturn.med, nyu.edu 
NS10962-01 (NINDS) 
NS39007 (NINDS) 

DEVELOPMENT, (2000 Dec) 127 (23) 5007-20. 
Journal code: ECW. ISSN: 0950-1991. 



PUB. COUNTRY: EN|||ND: United Kingdom 

jdBpal; Article; (JOURNAL ARTICLE)^ 

LANGUAGE: En^sh 

FILE SEGMENT: Priority Journals 

ENTRY MONTH: 200101 

ENTRY DATE: Entered STN: 20010322 

Last Updated on STN: 20010322 
Entered PubMed: 20001226 
Entered Medline: 20010125 

AB Homeobox genes have- recently been demonstrated to be important for the ■ 
proper patterning of the mammalian telencephalon. One of these genes is 
Gsh2, whose expression in the forebrain is restricted to the ventral 
domain. In this study, we demonstrate that Gsh2 is a downstream target of 
sonic hedgehog and that lack of Gsh2 results in profound defects 
in telencephalic development . Gsh2 mutants have a significant decrease in 
.the expression of numerous genes that mark early development of the 
lateral ganglionic eminence, the striatal anlage. Accompanying this early 
^^loss of patterning genes is an initial expansion of dorsal telencephalic 
markers across the cortical-striatal boundary into the lateral ganglionic 
eminence. Interestingly, as development proceeds, there is compensation 
for this^early loss of markers that is coincident with a molecular 
re-establishment of the cortical-striatal boundary. Despite this 
compensation, there is a defect in the development of distinct 
subpopulations of striatal neurons. Moreover, while our analysis suggests 
that the migration of the ventrally derived interneurons to the 

developing 

cerebral cortex is not significantly affected in Gsh2 mutants, there is a 
distinct delay in the appearance of GABAergic interneurons in the 
olfactory bulb. Taken together, our data support a model in which Gsh2, 

in 

- response to sonic hedgehog signaling, plays a crucial role in 
multiple aspects of telencephalic development, 
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TITLE: Transcriptional regulation of the Hedgehog 
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Pittsburgh, Pittsburgh, PA 15260, USA., camp@pitt.edu 
SOURCE: DEVELOPMENT, {2000 Oct) 127 (19) 4095-103. 

Journal code: ECW. ISSN: 0950-1991. 
PUB. COUNTRY: ENGLAND: United Kingdom 

Journal; Article; (JOURNAL ARTICLE) 
LANGUAGE: English 
FILE. SEGMENT: Priority Journals 
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ENTRY DATE: Entered STN: 20010322 

Last Updated on STN: 20010322 

Entered Medline: 20001201 
AB Members of the Hedgehog (HH) family of secreted signaling 

molecules specify cell fate during animal development by controlling the 
activity of members of the Gli family of zinc-finger transcription 
factors 

in responding cells. In Drosophila the Gli homolog, cubitus interruptus 
(CI), is expressed only in the anterior compartment where it represses 
targets such as the signaling molecule genes decapentaplegic (dpp) and 
wingless (wg) . HH is expressed in the posterior and diffuses into- the 
anterior where it antagonizes CI repression resulting in dpp and wg 
expression immediately anterior to the compartment border. Reducing CI 
levels results in misexpression of wg and dpp, while CI misexpfession in 
the posterior disrupts differentiation. Thus, normal disc patterning 
requires high levels of CI in the anterior and the absence of CI in the 
posterior. Here we show that mutations in combgap (eg) result in 
deregulation of CI expression, which is now expressed at much lower 
levels 

and ubiquitously, i.e., also in the posterior. Consequently, eg mutants 
phenocopy ci loss-of-f unction mutants in the anterior and ci 



gain-of-f unction j^^ants in the posterior, eg enco 
DNA-binding prote^^that regulates both transcript 
repression of the ci gene. 



a putative 
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The zebrafish slow-muscle-omitted gene product is required 
for Hedgehog signal transduction and the 
development of slow muscle identity. 
Barresi M J; Stickney H L; Devoto S H 

Biology Department, Wesleyan University, Middletown, CT 
06459, USA. 
AR45575 (NIAMS) 
HD22486 (NICHD) 
HD37509-01 (NICHD) 

DEVELOPMENT, (2000 May) 127 (10) 2189-99. 
Journal code: ECW; 8701744. ISSN: 0950-1991. 
ENGLAND: United Kingdom 
Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 

200007 • ; 

Entered STN: 20000728 
Last Updated on STN: 20000728 
Entered Medline: 20000714 
Hedgehog proteins mediate many of the inductive interactions 
that, determine cell fate during embryonic development. Hedgehog 
signaling has been shown to regulate slow muscle fiber type development. 
We report here that mutations in the zebrafish slow-muscle-omitted (smu) 
gene disrupt many developmental processes involving Hedgehog 
signaling. smu(-/-) embryos have a 99% reduction in the. number of slow 
muscle fibers and a complete loss of Engrailed-expressing muscle 
pioneers . 

In addition, mutant embryos have partial cyclopia, and defects in jaw 
cartilage, circulation and fin growth. The smu(-/-) phenotype is 
phenocopied by treatment of wild-type embryos with forskolin, which 
inhibits the response of cells to Hedgehog signaling by indirect 
activation of cAMP-dependent protein kinase (PKA) . Overexpression of 

Sonic 

hedgehog (Shh) or dominant negative PKA (dnPKA) in wild-type 
embryos causes all somitic cells to develop into slow muscle fibers. 
Overexpression of Shh does not rescue slow muscle fiber . development in 
smu{-/-) embryos, whereas overexpression of dnPKA does. Cell 
transplantation experiments confirm that smu function is required 
cell-autonomously within the muscle precursors: wild-type muscle cells 
rescue slow muscle fiber development in smu(-/-) embryos, whereas mutant 
muscle cells cannot develop into slow muscle fibers in wild-type embryos. 
Slow muscle fiber development in smu mutant embryos is also rescued by 
expression of rat Smoothened. Therefore, Hedgehog signaling 
through Slow-muscle-omitted is necessary for slow muscle fiber type 
development. We propose that smu encodes a vital component in the 
Hedgehog response pathway. 
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Regulation of cell proliferation and patterning in 

Drosophila oogenesis by Hedgehog signaling. 
Zhang Y; Kalderon D 

Department of Biological Sciences, Columbia University, 

York, NY 10027, USA. 
GM41815 (NIGMS) 

DEVELOPMENT, (2000 May) 127 (10) 2165-76. 

Journal code: ECW; 8701744. ISSN: 0950-1991. 

ENGLAND: United Kingdom 

Journal; Article; (JOURNAL ARTICLE) 

English 
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AB The localized expression of Hedgehog (Hh) at the extreme 

anterior of Drosophila ovarioles suggests that it might provide an 
asymm^etric cue that patterns developing egg chambers along the 
anteroposterior axis. Ectopic or excessive Hh signaling disrupts egg 
chamber patterning dramatically through primary effects at two 
developmental stages. First, excess Hh signaling in somatic stem cells 
stimulates somatic cell over-proliferation. This likely disrupts the 
earliest interactions between somatic and germline cells and may account 
for the frequent mis-positioning of oocytes within egg chambers. Second, 
the initiation of the developmental programs of follicle cell lineages 
appears to be delayed by ectopic Hh signaling. This may account for the 
formation of ectopic polar cells, the extended proliferation of follicle 
cells and the defective differentiation of posterior follicle cells, 
which, in turn, disrupts polarity within the oocyte. Somatic cells in the 
ovary cannot proliferate normally in the absence of Hh or Smoothened 
activity. Loss of protein kinase A activity restores the proliferation of 
somatic cells in the absence of Hh activity and allows the formation of 
normally patterned ovarioles . Hence, localized Hh is not essential to 
direct egg chamber patterning. 
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Ventral neural patterning by Nkx homeobox genes: Nkx6.1 
controls somatic motor neuron and ventral interneuron 
fates. * 
Sander M; Paydar S; Ericson J; Briscoe J; Berber E; German 
M; Jessell T M; Rubenstein J L 

Hormone ^Research Institute, Department of Medicine, 
University of California-San Francisco, San Franscisco, 
California 94143, USA. 
DK41822 (NIDDK) 
K02MH01046-01 (NIMH) 
R01DA12462 (NIDA) 
+ 

GENES AND DEVELOPMENT, {2000 Sep 1) 14 (17) 2134-9. 
Journal code: FN3; 8711660. ISSN: 0890-9369. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
200010 

Entered STN: 20001012 
Last Updated on STN: 20001012 
Entered Medline: 20001003 
AB There is growing evidence that sonic hedgehog (Shh) signaling 

regulates ventral neuronal fate in the vertebrate central nervous system 
through Nkx-class homeodomain proteins. We have examined the patterns of 
neurogenesis in mice carrying a targeted mutation in Nkx6.1. These 
mutants 

show a dorsal-to-ventral switch in the identity of progenitors and in the 
fate of postmitotic neurons. At many axial levels there is a complete 
block in. the generation of V2 interneurons and motor neurons and a 
compensatory ventral expansion in the domain of generation of VI neurons, 
demonstrating the essential functions of Nkx6.1 in regional patterning 
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Hajfltes N; van den Heuvel M 

ME^Bunctional Genetics .Unit, Depar^^it of Human Anatomy 
and Genetics, University of Oxford, Oxford 0X1 3QX, United 
Kingdom. 

GENETICS, (2000 Dec) 156 (4) 1777-85. 
Journal code: FNH. ISSN: 0016-6731. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
200102 . 

Entered STN: 20010322 
Last Updated on STN: 20010322 
Entered PubMed: 20001228 
Entered Medline: 20010215 
The Hedgehog signaling pathway has been recognized as essential 
for patterning processes in development of metazoan animal species. The 
signaling pathway is, however, not entirely understood. To start to 
address this problem, we set out. to isolate new mutations that influence 
Hedgehog signaling. We performed a mutagenesis screen ■ * 

for mutations that dominantly suppress Hedgehog overexpression 
phenotypes in the Drosophila melanogaster wing. We isolated four 
mutations 

that influence Hedgehog signaling. These were analyzed in the 

amenable wing system using genetic and molecular techniques. One of these 

four mutations affects the stability of the Hedgehog expression 

domain boundary, also known as the organizer in the developing wing. 

Another mutation affects a possible Hedgehog autoregulation 

mechanism, which stabilizes the same boundary. 
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Drosophila atonal controls photoreceptor R8-specific 
properties and modulates both receptor tyrosine' kinase and 
Hedgehog signalling. 

White N M; Jarman A P . 

Institute of Cell and Molecular Biology, University of 
Edinburgh, King's Buildings, Edinburgh, EH9 3JR, UK. 
DEVELOPMENT, (2000 Apr) 127 (8) 1681-9. 
Journal code: ECW; 8701744. ISSN: 0950-1991. 
ENGLAND: United Kingdom 
Journal;, Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
200006 

Entered STN: 20000714 
Last Updated on STN: 20000714 
Entered Medline: 20000630 
AB During Drosophila eye development, the proneural gene atonal specifies 

founding R8 photoreceptors of individual ommatidia, evenly spaced 
relative 

to one another in a pattern that prefigures ommatidial organisation in 

the 

mature compound eye. Beyond providing neural competence, however, it has 
remained unclear to what extent atonal controls specific R8 properties. 
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We 



show here that reduced Atonal function gives rise to R8 photoreceptors 
that are functionally compromised: both recruitment and axon pathfinding 
defects are evident. Conversely, prolonged Atonal expression in R8 
photoreceptors induces defects in inductive recruitment as a consequence 
of hyperactive EGFR signalling. Surprisingly, such prolonged expression 
also results in R8 pattern formation defects in a process associated with 
both Hedgehog and Receptor Tyrosine Kinase signalling. Our 
results strongly suggest that Atonal regulates signalling and other 
properties of ^R8 precursors. 
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Glil mutants, are viable but Hj^P^ defects in 
ling in combination with a Gli2 mutation. 
H L; Bai C; Piatt K A; Matise M P; Beeghly A; Hui C 



Nakashima M; Joyner A L 

Howard .Hughes Medical Institute and Developmental Genetics 
Program, Skirball Institute of Biomolecular Medicine, 
Department of Cell Biology and Physiology and 

NY 10016, 
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New York University Medical School, New York, 
USA. 

DEVELOPMENT, (2000 Apr) 127 (8) 1593-605. 
Journal code: ECW; 8701744. ISSN: 0950-1991. 
ENGLAND: United Kingdom 
Journal; Article; (JOURNAL ARTICLE) 
English 

' Priority Journals ' . ' 

200006 

Entered STN: 20000714 
Last Updated on STN: 20000714. 
Entered Medline: 20000630 _ ^ 
The secreted factor Sonic hedgehog (SHH) is both required for 
and sufficient to induce multiple developmental processes, including 
ventralization of the CNS, branching morphogenesis of the lungs and 
anteroposterior patterning of the limbs. Based oh analogy to the 
Drosophila Hh pathway, the multiple GLI transcription factors in 
vertebrates are likely to both transduce SHH signaling and repress Shh 
transcription. In order to discr.iminate between overlapping versus unique 
requirements for the three Gli genes in mice, we have produced a Glil 
mutant and analyzed the, phenotypes of Glil/Gli2 and Glil/3 double 
mutants . , . ' ' 

Gli3(xt) mutants have Polydactyly and dorsal CNS defects associated with 
ectopic Shh expression, indicating GLI3 plays a role in repressing Shh. 

In 

contrast, Gli2 mutants, have five digits, but lack a floprplate, 
indicating • 

that it is required to transduce SHH signaling in some tissues. 
Remarkably, mice homozygous for a Glil(zfd )mutation that deletes the 
exons encoding the DNA-binding domain are viable and appear normal. 
Transgenic mice expressing a GLIl protein lacking the zinc fingers can 



not 



induce SHH targets in the dorsal brain, indicating that the Glil(zfd 
) allele contains a hypomorphic or hull mutation. Interestingly, 
Glil(zfd/zfd) ;Gli2 (zfd/+) , but not Glil (zfd/zfd) ; Gli3 (zfd/+) double 
mutants have a severe phenotype; most Glil ( zfd/zfd) ; Gli2 ( zfd/+) mice die 
soon after birth and all have multiple defects including a variable loss 
of ventral spinal cord cells and smaller lungs that are similar to, but 
less extreme than, Gli2 ( zfd/zfd) mutants. Glil/Gli2 double homozygous 
mutants have more extreme CNS and lung defects than 

Glil (zfd/zfd) ;Gli2 (zfd/+) mutants, however, in contrast to Shh mutants, 
ventrolateral neurons develop in the CNS and the limbs have 5 digits with 
an extra -postaxial nubbin. These studies demonstrate that the zinc-finger 
DNA-binding domain of GLIl protein is not required for SHH signaling in 
mouse. Furthermore, Glil and Gli2, but not Glil and Gli3, have extensive" 
overlapping functions that are likely downstream of SHH signaling. 
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Tissue- and stage-specific modulation of Wingless 

by the segment polarity gene lines. 

Hatini V; Bokor P; Goto-Mandeville R; DiNardo S 

University of Pennsylvania School of Medicine, Department 

of Cell and Developmental Biology, Philadelphia, 

Pennsylvania 19104 USA. 

GM45747 (NIGMS) 

GENES AND DEVELOPMENT, (2000 Jun 1) 14 (11) 1364-76. 
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AB Wnt signaling controls a variety of developmental programs but the 

mechanisms by which the same signal leads to distinct outputs remain 
unclear. To address this question, we identified stage-specific 
modulators 

of Wingless (Wg) signaling in the Drosophila embryonic epidermis. We show 
that lines (lin) is essential for Wg-dependent patterning in dorsal 
epidermis, lin encodes a novel protein that acts cell-autonomously, 
downstream or in parallel to Armadillo (Arm) and upstream of Wg-dependent 
target genes. Lin can accumulate in nuclei of cells signaled by Wg, 
suggesting that signaling promotes entry of Lin into the nucleus, where 



it 



used 



cooperates with Arm and Pangolin. Thus, a stage-specific modulator is 

to mediate Wg signaling activity in dorsal patterning. Hedgehog 
(Hh) controls half of the parasegmental pattern dorsally and antagonizes 
Wg function to do so. Lin can accumulate in the cytoplasm of cells 
signaled by Hh, suggesting that Hh antagonizes Wg function by prohibiting 
Lin from entering the nucleus . 
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A screen for dominant modifiers of. ro(Dom), a mutation 



of 



that 



disrupts morphogenetic furrow progression in Drosophila, 
identifies groucho and hairless as regulators of atonal 
expression. 
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ro(Dom) is a dominant allele of rough (ro) that results in reduced eye 
size due to premature arrest in morphogenetic furrow (MF) progression. We 
found that the ro(Dom) stop-furrow phenotype was sensitive to the dosage 
of genes known to affect retinal differentiation, in particular members 

the hedgehog (hh) signaling cascade. We demonstrate that ro{Dom) 
interferes with Hh*s ability to induce the retina-specific proneural gene 
atonal (ato) in the MF and that normal eye size can be restored by 
providing excess Ato protein. We used ro(Dom) as a sensitive genetic 
background in which to identify mutations that affect hh signal 
transduction or regulation of ato expression. In addition to mutations in 
several unknown loci, we recovered multiple alleles of groucho (gro) and 
Hairless (H) . Analysis of their phenotypes in somatic clones suggests 

both normally act to restrict neuronal cell fate in the retina, although 
they control different aspects of ato*s complex expression pattern. 
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Posttranscriptional regulation of smoothened is part of a 
self-correcting mechanism in the Hedgehog 
signaling system. 
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Hedgehog signaling, mediated through its Patched-Smoothened 
receptor complex, is essential for pattern formation in animal 
development. Activating mutations within Smoothened have been associated 
with basal cell carcinoma, suggesting that smoothened is a protooncogene . 
Thus, regulation of Smoothened levels might be critical for normal 
development. We show that Smoothened protein levels in Drosophila embryos 
are regulated posttranscriptionally by a mechanism dependent on 
Hedgehog signaling but not on its nuclear effector Cubitus 
interruptus. Hedgehog signaling upregulates Smoothened levels, 
which are otherwise downregulated by Patched. Demonstrating properties of 
a self-correcting system, the Hedgehog signaling pathway adjusts 
the concentrations of Smoothened and Patched to each other and to that of 
the Hedgehog signal, which ensures that activation of 
Hedgehog target genes by Smoothened signaling becomes strictly 
dependent on Hedgehog. 
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PDZ domain protein required for wing and eye development. 
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Loss of arc function results in a downwardly curved wing and smaller eyes 
with a reduced number of ommatidia. Consistent with this phenotype, 
molecular analysis shows that arc mRNA and protein are expressed in the 
wing imaginal disc and in clusters of cells in the morphogenetic furrow 

the eye imaginal disc. The 36-kb arc transcription unit contains 10 exons 
that are' spliced to form a 5. 5-kb mRNA. The encoded Arc protein is 
143,000 Da and contains two PDZ (PSD-95, Discs large, ZO-1) domains; 

is no close structural similarity to other PDZ proteins. In addition to 
its expression in imaginal discs, arc is expressed during embryogenesis 

epithelia undergoing morphogenesis, including the invaginating posterior 
midgut, evaginating Malpighian tubule buds, elongating hindgut, 



PUB. COUNTRY: 

LANGUAGE : 
FILE SEGMENT: 
ENTRY MONTH: 
ENTRY DATE: 



AB 



invaginating sali^^y glands, intersegmental groovj|^ and developing 
tracheae. Arc prd^^n colocalizes with Armadillo (^Ba-catenin) to the 

apical (luminal) surface of these developing epith^^a, indicating that 

it 

is associated with adherens junctions. Genes that are required for 
patterning of embryonic epithelia (e.g., tailless, Kruppel, fork head, 

and 

brachyenteron) or for progression of the morphogenetic furrow (i. e., 
hedgehog) are required to establish or maintain the regional 
expression of arc. Misexpression of arc in the eye imaginal discs result 
in rough and larger eyes with fused ommatidia. We propose that arc 
affects 

eye development by modulating adherens junctions of the developing 
ommatidium. 

Copyright 2000 Academic Press. 
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A Ser (365) — >Cys mutation of fibroblast growth factor 
receptor 3 in mouse downregulates Ihh/PTHrP signals and 
causes severe achondroplasia. 
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ons in fibroblast growth factor receptor 3 (FGFR3) result 
s of human skeletal dysplasia, including the neonatally 

known as thanatophoric dysplasia. An engineered 
substitution' in mouse FGFR3, which is equivalent to a 
ated with thanatophoric dysplasia-I in humans, has now 



shown to cause se, 
exhibit shortene 



dwarfism but not neonatal de^k. 
s as a result of markedly re!|^Pe 



The mutant mice 
d proliferation and 



impaired differentiation of growth plate chondrocytes. The 
receptor-activating mutation also resulted in downregulation of 
expression 

of the Indian hedgehog (IHH) and parathyroid- hormone-related 
protein (PTHrP) receptor genes, both of which are important for bone 
growth. Interactions between FGFR3- and PTHrP-receptor-mediated signals 
during endochondral ossification were examined with embryonic metatarsal 
bones maintained in culture under defined conditions. Consistent with the 
in vivo observations, FGF2 inhibited bone growth in culture and induced 
downregulation of IHH and PTHrP receptor .gene expression. Furthermore, 
PTHrP partially reversed the inhibition of long bone growth caused by 
activation of FGFR3; however, it impaired the differentiation of 
chondrocytes in an FGFR3-independent manner. These observations suggest 
that FGFR3 and IHH-PTHrP signals are transmitted by two interacting 
parallel pathways that mediate both overlapping and distinct functions 
during endochondral ossification. 
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We have further characterized essential loci within the centric 
heterochromatin of the left arm of chromosome 3 (3L) of Dro^sophila 
melanogaster, using EMS, radiation and P element mutagenesis. We 
failed to find any new essential genes, a result that suggests a 
lower-than-average gene density in this region. Mutations affecting 
expression of the most proximal gene [lethal 1, 11 or l(3}80Fj] act as 
dominant suppressors of Polycomb (Pc), behavior which is consistent with 
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The third gene to the left of the 
is likely to correspond to 



putative trithorax group (trx-G) gene, 
centromere [lethal 3, 13 or l(3)80Fh] 
verthandi 

(vtd), a known trx-G gene that plays a role in the regulation of 
hedgehog (hh) expression and signalling. The intervening gene 
[lethal 2, 12 or l(3)80Fi] is required throughout development, and mutant 
alleles have interesting phenotypes; in various allelic combinations that 
survive, we observe fertility, bristle, wing, eye and cuticle defects. 
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in the developing visual system of Drosophila. 
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AB Jn the- fly visual system, each class of photoreceptor neurons (R cells) 

projects to a different synaptic layer in the brain. R1-R6 axons 
terminate 

in the lamina, while R7 and R8 axons pass through the lamina and stop in 
the medulla. As R cell axons enter the lamina, they encounter both glial 
cells and neurons. The cellular requirement for R1-R6 targeting was 
determined using loss-of-f unction mutations affecting different cell 

types 

in the lamina, nonstop (encoding a ubiquitin-specif ic protease) is 
required for- glial cell development and hedgehog for neuronal 
development.' Removal of glial cells but not neurons disrupts R1-R6 
targeting. We propose that glial cells provide the initial stop signal 
promoting growth cone termination in the lamina. These findings uncover a 
novel function for neuron-glial interactions in regulating target 
specificity. ' 
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A directed mutagenesis screen in Drosophila 
melanogaster reveals new mutants that influence 
hedgehog signaling. 
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The Hedgehog signaling pathway has been recognized as essential 
for patterning processes in development of metazoan animal species. The 
signaling pathway is, however, not entirely understood. To start to 
address this problem, we set out to isolate new mutations that influence 
Hedgehog signaling. We performed a mutagenesis screen 
for mutations that dominantly suppress Hedgehog overexpression 
phenotypes in the Drosophila melanogaster wing.' We isolated four 
mutations 

that influence Hedgehog signaling. These were analyzed in the 

amenable wing system using genetic and molecular techniques. One of these 

four mutations affects the stability of the Hedgehog expression 

domain boundary, also known -as the organizer in the developing wing. 

Another mutation affects a possible Hedgehog autoregulation 

mechanism, which stabilizes the same boundary. 
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The Gsh2 homeodomain gene controls multiple aspects of 
telencephalic development. 
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AB Homeobox genes have recently been demonstrated to be important for the 
proper patterning of the mammalian telencephalon. One of these genes is 
Gsh2, whose expression in the forebrain is restricted to the ventral 
domain. In this study, we demonstrate that Gsh2 is a downstream target of 
sonic hedgehog and that lack of Gsh2 results in profound defects 
in telencephalic development. Gsh2 mutants have a significant decrease in 
the expression of numerous genes that mark early development of the 
lateral' ganglionic eminence, the striatal anlage. Accompanying this early 
loss of patterning genes is an initial expansion of dorsal telencephalic 
markers across the cortical-striatal boundary into the lateral ganglionic 
eminence. Interestingly, as development proceeds, there is compensation 
for this early loss of markers that is coincident with a molecular 
re-establishment of the cortical-striatal boundary. Despite this 
compensation, there is a defect in the development of distinct 
subpopulations of striatal neurons. Moreover, while our analysis suggests 
that the migration of the ventrally derived interneurons to the 
developing 

cerebral cortex is not significantly affected in Gsh2 mutants, there is a 
distinct delay in the appearance of GABAergic interneurons in the 
olfactory bulb. Taken' together, our data support a model in which Gsh2, 

in 

response to sonic hedgehog signaling, plays a crucial role in 
multiple aspects of telencephalic development. 
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A screen for dominant modifiers of ro(D6m), a mutation 
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disrupts morphogenetic furrow progression in Drosophila, 
identifies groucho and hairless as regulators of atonal 
expression. 
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ro(Dom) is a dominant allele of rough (ro) that results in reduced eye 
size due to premature arrest in morphogenetic furrow (MF) progression. We 
found that the ro(Dom) stop-furrow phenotype was sensitive to the dosage 
of genes known to affect retinal differentiation, in particular members 
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that 



the hedgehog (hh)^^gnaling cascade. We demons tratjjt hat ro(Dom) 
interferes with f^B= ability to induce the retina-^^cific proneural gene 
atonal (ato) in the MF and that normal eye size can be restored by 
providing excess Ato protein. We used ro(Dom) as a sensitive genetic 
background in which to identify mutations that affect hh signal 
transduction or regulation of ato expression. In addition to mutations in 
several unknown loci, we recovered multiple alleles of groucho (gro) and 
Hairless (H) . Analysis of their phenotypes in somatic clones suggests 

both normally act to restrict neuronal cell fate in the retina, although 
they control different aspects of ato's complex expression pattern. 
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Transcriptional regulation of the Hedgehog 
effector CI by the zinc-finger gene combgap . 
Campbell G L; Tomlinson A 

Department of Biological Sciences, University of 
Pittsburgh, Pittsburgh, PA 15260, USA., camp@pitt.edu 
DEVELOPMENT, {2000 Oct) 127 (19) 4095-103. 
Journal code: ECW. ISSN: 0950-1991. 
ENGLAND: United Kingdom 
Journal; Article; (JOURNAL ARTICLE) 
English " 
Priority Journals 
200012 

Entered STN: 20010322 
Last Updated on STN: 20010322 
Entered Medline: 20001201 
AB Members of the Hedgehog (HH) family of secreted signaling 

molecules specify cell fate during animal development by controlling the 
activity of members of the Gli family of zinc-finger transcription 
factors 

in responding cells. In Drosophila the Gli homolog, cubitus interruptus 
(CI), is expressed only in the anterior compartment where it represses 
target's such as the signaling molecule genes decapentaplegic (dpp) and 
wingless (wg) . HH is expressed in the posterior and diffuses into the 
anterior where it antagonizes CI repression resulting in dpp and wg 
expression immediately anterior to. the compartment border. Reducing CI 
levels results in misexpression of wg and dpp, while CI misexpression in 
the posterior disrupts differentiation. Thus, normal disc patterning 
requires high levels of CI in the anterior and the absence of CI in the 
posterior. Here we show that mutations in combgap (eg) result in 
deregulation of CI expression, which is now expressed at much lower 
levels 

and ubiquitously, i.e., also in the posterior. Consequently, eg mutants 
phenocopy ci loss-of-f unction mutants in the anterior and c'i • 
gain-of -function mutants in the posterior, eg encodes a putative 
DNA-binding protein that regulates both transcriptional activation and 
repression of the ci gene. 
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Ventral neural patterning by Nkx homeobox genes: Nkx6.1 
controls somatic motor neuron and ventral interneuron 
fates. 
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There is growing evidence that sonic hedgehog (Shh) signaling 
regulates ventral neuronal fate in the vertebrate central nervous system 
through Nkx-class homeodomain proteins. We have examined the patterns of 
neurogenesis in mice carrying a targeted mutation in Nkx6.1. These 
mutants 

show a dorsal-to-ventral switch in the identity of progenitors and in the 
fate of postmitotic neurons. At many axial levels there is a complete 
block in the generation of V2 interneurons and motor neurons and a 
compensatory ventral expansion in the domain of generation of VI neurons, 
demonstrating the essential functions of Nkx6.1 in regional patterning 



and 



neuronal fate determination. 
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Posttranscriptional regulation of smoothened is part of a 
self-correcting mechanism in the Hedgehog 
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Hedgehog signaling, mediated through its Patched-Smoothened 
receptor complex, is essential for pattern formation in animal 
development. Activating mutations within Smoothened have been associated 
with basal cell carcinoma, suggesting that smoothened is a protooncogene . 
Thus, regulation of Smoothened levels might be critical for normal 
development. We show that Smoothened protein levels in Drosophila embryos 
are regulated posttranscriptionally by a mechanism dependent on 
Hedgehog signaling but not on its nuclear effector Cubitus 
interruptus. Hedgehog signaling upregulates Smoothened levels, 
which are otherwise downregulated by Patched. Demonstrating properties of 
a self-correcting system, the Hedgehog signaling pathway adjusts 
the concentrations of Smoothened and Patched to each other and to that of 
the Hedgehog signal, which ensures that activation of 
Hedgehog target genes by Smoothened signaling becomes strictly 
dependent on Hedgehog. 
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Tissue- and stage-specific modulation of Wingless 

by the segment polarity gene lines. 
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AB Wnt signaling controls a variety of developmental programs but the 

mechanisms by which the same signal leads to distinct outputs remain 
unclear. To address this question, we identified stage-specific 
modulators 

of Wingless (Wg) signaling in the Drosophila embryonic epidermis. We show 
that lines (lin) is essential for Wg-dependent patterning in dorsal 
epidermis, lin encodes a novel protein that acts cell-autonomously, 
downstream or in parallel to Armadillo (Arm) and upstream of Wg-dependent 
target genes. Lin can accumulate in nuclei of cells signaled by Wg, 
suggesting that signaling promotes entry of Lin into the nucleus, where 



it 

used 



cooperates with Arm and Pangolin. Thus, a stage-specific modulator is 

to mediate Wg signaling activity in dorsal patterning. Hedgehog 
(Hh) controls half of the parasegmental pattern dorsally and antagonizes 
Wg function to do so. Lin can accumulate in the cytoplasm of cells 
signaled by Hh, suggesting that Hh antagonizes Wg function by prohibiting 
Lin from entering the nucleus. 
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AB Loss of arc function results in a downwardly curved wing and smaller eyes 
with a reduced number of ommatidia. Consistent with this phenotype, 
molecular analysis shows that arc mRNA and protein are expressed in the 
wing imaginal disc and in clusters of cells in the morphogenetic furrow 

of 

the eye imaginal disc. The 36-kb arc transcription unit* contains 10 exons 
that are spliced to form a 5. 5-kb mRNA. The encoded Arc protein is 
143,000 Da and contains two PDZ (PSD-95, Discs large, ZO-1) domains; 

there 

is no close structural similarity to other PDZ proteins. In addition to 
its expression in imaginal discs, arc is expressed during embryogenesis 



it 



and 



epithelia undergoing morphogenesis, including the invaginating posterior 
midgut, evaginating Malpighian tubule buds, elongating hindgut, 
invaginating salivary glands, intersegmental grooves, and developing 
tracheae. Arc protein colocalizes with Armadillo (beta-catenin) to the 
apical (luminal) surface of these developing epithelia, indicating that 

is associated with adherens junctions. Genes that are required for 
patterning of embryonic epithelia (e.g., tailless, Kruppel, fork head. 



■r progression of the morphoger^^c furrow 
ed to establish or maintain tn^Begional 



(i. e. 



brachyenteron) 02 
hedgehog) are red 

expression of arcTTdisexpression of arc in the eyeTmaginal discs results 
in rough and larger eyes with fused ommatidia. We propose that arc 
affects 

eye development by modulating adherens junctions of the developing 
ommatidium. 

Copyright 2000 Academic Press. 
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.Drosophila beta3-tubulin is an essential isoform expressed during 
differentiation of many cell types in embryos and pupae. We report here 
that during pupal development transient beta3 expression • demarcates a 
unique subset of neurons in the developing adult visual system. beta3 is 
coassembled into microtubules with betal, the sole beta-tubulin isoform 

the permanent microtubule cytoskeleton of the adult eye and brain. 
Examination of beta3 mutant phenotypes showed that beta3 is required for 
' axonal patterning and connectivity and for spatial positioning within. the 
optic lobe. Comparison of the phenotypes, of beta3 mutations with those 
that result from disruption of the Hedgehog signaling pathway 
shows that beta3 functions early in the establishment of the adult visual 
system. Our data support the hypothesis that beta3 confers specialized 
properties on the microtubules into which it is incorporated. :Thus a' 
transient specialization of the microtubule cytoskeleton -during 
differentiation of a specific subset of the neurons has permanent 
consequences for. later cell function. 
Copyright 2000 Academic Press. 
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for Hedgehog signal transduction and the 
development of slow muscle identity. 
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AB Hedgehog protein JBdiate many of the inductive irJ^Pactions 

that determine ce^r fate during embryonic development. Hedgehog - 
signaling has been shown to regulate slow muscle fiber type development. 
We report here that mutations in the zebrafish slow-muscle-omitted (smu) 
gene disrupt many developmental processes involving Hedgehog 
signaling. smu(-/-) embryos have a 99% reduction in the number of slow 
muscle fibers and a complete loss of Engrailed-expressing muscle 
pioneers . 

In addition, mutant embryos have partial cyclopia, and defects in jaw 
cartilage, circulation and fin growth. The smu{-/-) phenotype is 
phenocopied by treatment of wild-type embryos with forskolin, which 
inhibits the response of cells to Hedgehog signaling by indirect 
activation of cAMP-dependent protein kinase (PKA) . Overexpression of 

Sonic 

hedgehog (Shh) or dominant negative PKA (dnPKA) in wild-type 
embryos causes all somitic cells to develop into slow muscle fibers. 
Overexpression of Shh does not rescue slow muscle fiber development in 
smu{-/-) embryos, whereas overexpression of dnPKA does. Cell 
transplantation experiments confirm that smu function is required 
cell-autonomously within the muscle precursors: wild-type muscle cells 
rescue slow muscle fiber development in smu(-/-) embryos, whereas mutant 
muscle cells cannot develop into slow muscle fibers in wild-type embryos 
Slow muscle fiber development in smu mutant embryos is also rescued by 
expression of rat Smoothened. Therefore, Hedgehog signaling 
through Slow-muscle-omitted is necessary for slow muscle fiber type 
development. We propose that smu encodes a vital component in the 
Hedgehog response pathway. 
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The localized expression of Hedgehog (Hh) at the extreme 
anterior of Drosophila ovarioles suggests that it might provide an 
asymmetric cue that patterns developing egg chambers along the 
anteroposterior axis. Ectopic or excessive Hh signaling disrupts egg 
chamber patterning dramatically through primary effects at two 
developmental stages. First, excess Hh signaling in somatic stem cells 
stimulates somatic cell over-proliferation. This likely disrupts the 
earliest interactions between somatic arid germline cells and may account 
for the frequent mis-positioning of oocytes within egg chambers. Second, 
the initiation of the developmental programs of follicle cell lineages 
appears to be delayed by ectopic Hh signaling. This may account for the 
formation of ectopic polar cells, the extended proliferation of follicle 
cells and the defective differentiation of posterior follicle cells, 
which, in turn, disrupts polarity within the oocyte. Somatic cells in the 
ovary cannot proliferate normally in the absence of Hh or Smoothened 
activity. Loss of protein kinase A activity restores the proliferation of 
somatic cells in the absence of Hh activity and allows the formation of 
normally patterned ovarioles. Hence, localized Hh is not essential to 
direct egg chamber patterning. 



AB 
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Pattern formation in developing animals requires that cells exchange 
signals mediated by secreted proteins. How these signals spread is still 
unclear. It is generally assumed that 'they reach their target site either 
by diffusion or active transport (reviewed in [1] [2]). Here, we report 

alternative mode of transport for Wingless (Wg) , a member of the Wnt 
family of signaling molecules. In embryos of the fruit fly Drosophila, 
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an 



wingless (wg) gene is transcribed in narrow stripes of. cells abutting the 
source of Hedgehog protein.. We found that these cells or their 
progeny. are free to roam towards the anterior. As they do so, they no 
longer receive the Hedgehog signal and stop transcribing wg. The 
cells leaving the expression domain retain inherited Wg protein in 
secretory vesicles, however, and carry it forwards over a distance of up 
to four cell diameters. Experiments using a membrane-tethered form of Wg 
showed that this mechanism is sufficient to- account for the normal range 
of Wg. Nevertheless, evidence exists that Wg can also reach distant 
target 

cells independently of protein inheritance, possibly by restricted 
diffusion. We suggest that both transport mechanisms operate in wild-type 
embryos . 
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Drosophila atonal controls photoreceptor R8-specific 
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AB During Drosophila eye development, the proneural gene atonal specifies 

founding R8 photoreceptors of individual ommatidia, evenly spaced 
relative 

to one another in a pattern that prefigures ommatidial organisation in* 

the 
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We 



mature compound Beyond providing neural comp^^ce, however, it has 

remained unclear ^^what extent atonal controls sp^fic R8 properties. 

show here that reduced Atonal function gives rise to R8 photoreceptors 
that are functionally compromised: both recruitment and axon pathfinding 
defects are evident. Conversely, prolonged Atonal expression in R8 
photoreceptors induces defects in inductive recruitment as a consequence 
of hyperactive EGFR signalling. Surprisingly, such prolonged expression 
also results in R8 pattern formation defects in a process associated with 
both Hedgehog and Receptor Tyrosine Kinase signalling. Our 
results strongly suggest that Atonal regulates signalling and other 
properties of R8 precursors. 
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AB The secreted factor Sonic hedgehog (SHH) is both required for 

and sufficient to induce multiple developmental processes, including 
ventralization of the CNS, branching morphogenesis of the lungs and 
anteroposterior patterning of the limbs. Based on analogy to the 
Drosophila Hh pathway, the multiple GLI transcription factors in 
vertebrates are likely to both transduce SHH signaling and repress Shh ■ 
transcription. In order to discriminate between overlapping versus unique 
requirements for the three Gli genes in mice, we have produced a Glil 
mutant and analyzed the phenotypes of Glil/Gli2 ' and Glil/3 double 

mutants. 

Gli3(xt) mutants have Polydactyly and dorsal CNS defects associated with 
ectopic Shh expression, indicating GLI3 plays a role in repressing Shh. 

In 

contrast, Gli2 mutants have five digits, but lack a floorplate, 
indicating 

that it is required to transduce SHH signaling in some tissues. 
Remarkably, mice homozygous for a Glil{zfd ) mutation that deletes the 
exons encoding the DNA-binding domain are viable and appear normal. 
Transgenic mice expressing a GLIl protein lacking the zinc fingers can 

induce SHH targets in the dorsal brain, indicating that the Glil(zfd 
)allele contains a hypomorphic or null mutation .• Interestingly, 
Glil (zfd/zfd) ;Gli2 (zfd/+) , but not Glil( zfd/zfd) ; Gli3 ( zfd/+) double 
mutants have a severe phenotype; most Glil( zfd/zfd) ; Gli2 ( zfd/+) mice die 
soon after birth and all have multiple defects including a variable loss 
of ventral spinal cord cells and smaller lungs that are similar to, but 
less extreme than, Gli2 ( zfd/zfd) mutants. Glil/Gli2 double homozygous 
mutants have more extreme CNS and lung defects than 

Glil (zfd/zfd) ;Gli2 (zfd/+) mutants, however, in contrast to Shh mutants, 
ventrolateral neurons develop in the CNS and the limbs have 5 digits with 
an extra postaxial nubbin. These studies demonstrate that the zinc-finger 
DNA-binding domain of GLIl protein is not required for SHH signaling in 



not 



mouse . Furthermor^^i 
overlapping functJ^P 



Glil and Gli2,'but not Glil argfcli3, have extensive 
that are likely downstream o^^F 



■iH signaling. 
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Protein kinase A antagonizes Hedgehog signaling 
by regulating both the activator and repressor forms of 
Cubitus interruptus. 
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The Hedgehog -(Hh) family of secreted proteins controls many 
aspects of animal development. In Drosophila, Hh transduces its signal 

Cubitus interruptus (Ci) , a transcription factor present in two forms: a 
full-length activator and a carboxy-terminally truncated repressor that 

derived from the full-length form by proteolytic processing. The 
proteolytic processing of Ci is promoted by the activities of protein 
kinase A (PKA) and Slimb, whereas it is inhibited by Hh. Here we show 

PKA inhibits the activity of the full-length Ci in addition to its role 



AUTHOR: 

CORPORATE SOURCE: 



SOURCE: 

PUB. COUNTRY: 

LANGUAGE : 
FILE SEGMENT: 
ENTRY MONTH: 
ENTRY DATE: 



regulating Ci proteolysis. Whereas Ci processing is blocked in both' FKA 
and slimb mutant cells, the accumulated full-length Ci becomes activated 
only in PKA but not in slimb mutant cells. Moreover, PKA inhibits an 
uncleavable activator form of Ci. These observations suggest that PKA i 
regulates the activity of the full-length Ci independent of its 
proteolytic processing. We also provide evidence that PKA regulates both 
the proteolytic processing and transcriptional activity of Ci by directly 
phosphorylating Ci . We propose- that phosphorylation of Ci by PKA has two 
separable roles: (1) It blocks the transcription activity of the . 
full-length activator form of Ci, and (2) it targets Ci for 
Slimb-mediated . 

proteolytic processing to generate the truncated form that functions as a 
repressor. 
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The mutational spectrum of the sonic hedgehog 

gene in holoprosencephaly : SHH mutations cause a 

significant proportion of autosomal dominant 
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Holoprosence'phaly (HPE) is a common developmental anomaly of the human 
forebrain and midface where the cerebral hemispheres fail to separate 



/ 



distinct left and right halves. We have previously reported 
haploinsuf f iciency for Sonic Hedgehog ( SHH ■ ) as a cause for 
HPE. We have now performed mutational analysis of the complete coding 
region and intron-exon junctions of the SHH gene in 34 4 unrelated 
affected 

individuals. Herein, we describe 13 additional unrelated affected 
individuals -with SHH mutations, including nonsense and missense ^ 
mutations, 

deletions and an insertion. These mutations occur throughout the extent 

of 

the gene. No specific genotype-phenotype association is evident based on 
. ' the correlation of the type or position of the mutations. In conjunction 
with our previous studies, we have identified a total of -23 mutations in 
344 unrelated cases of HPE. They account for 14 cases of familial HPE and 
nine cases of sporadic HPE. Mutations in SHH were detected in 10 of 27 
(37%) families showing autosomal dominant transmission of the HPE 
spectrum, based on structural anomalies. Interestingly, three of the 
patients with an SHH mutation also had abnormalities in another gene that 
is expressed during forebrain development. We suggest that the 
interactions of multiple gene products and/or environmental elements may 
determine the final phenotypic outcome for a given individual and that 
variations .among these factors may cause the wide variability in the 
clinical features seen in HPE. 
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Zinc-dependent structural stability of human Sonic 
hedgehog. 
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The role of the zinc site in the N-terminal fragment of human Sonic 
hedgehog (ShhN) was explored by comparing the biophysical and 
functional properties of wild-type ShhN with those of mutants in which 



CORPORATE SOURCE: 

SOURCE: 

PUB. COUNTRY: 

LANGUAGE : 
FILE SEGMENT: 
ENTRY MONTH: 
ENTRY PATE: 



AB 



zinc-coordinating residues H140, D147, and H182, or E176 which interacts 
with the metal ion via a bridging water molecule, were mutated to 
alanine. 

The wild-type and E176A mutant proteins retained 1 mol of zinc/mol of 
protein after extensive dialysis, whereas the H140A and D147A mutants 
retained only 0.03 and 0.05 mol of zinc/mol of protein, respectively. 



Assay of the wild|^pe and mutant proteins in two ,^^^vity assays 
indicated that'^ th^^ld-type and E176A. mutant prot^^^ had similar 
activity, whereas the H140A and D147A mutants were significantly less 
active. These assays also indicated that the H140A and D147A mutants were 
susceptible to proteolysis. CD, fluorescence, and {1)H NMR spectra of the 
H140A, D147A, and E176A mutants measured at 20 or 25 degrees C were very 
similar to those observed for wild-type ShhN, However, CD measurements at 
37 degrees C showed evidence of some structural differences in the H140A 
and D147A mutants. Guanidine hydrochloride (GuHCl) denaturation studies 
revealed that the loss of zinc from the H140A and D147A. mutants 
destabilized the folded proteins by approximately 3.5 kcal/mol, 
comparable 

to the effect of removing zinc from wild-type ShhN by treatment with 



EDTA. 



and 



15 



Thermal melting curves of wild-type ShhN gave a single unfolding 
transition with a midpoint T (m) of approximately 59 degrees C, whereas 
both the H140A and D147A mutants displayed two distinct transitions with 
T(m) values of 37-38 and 52-54 degrees C, similar to that observed for 
EDTA-treated wild-type ShhN. Addition of zinc to the H140A and D147A 
mutants resulted in a partial restoration of stability against thermal 

GuHCl denaturation. The ability of these mutants to bind zinc was 
confirmed using a fluorescence-based binding assay that indicated that 
they bound zinc with K{d) values of approximately 1.6 and approximately 

nM, respectively, as compared to a value of </=100 pM for wild-type ShhN. 
The properties of the E176A mutant were indistinguishable from those of 
wild-type ShhN in all biophysical and functional assays, indicating that 
this residue does not contribute significantly to stabilization of the 
zinc-binding site and that ShhN does not require hydrolase activity for 

vitro biological function. 
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AB The identification of mutations in Hedgehog (HH) pathway genes 

in some basal cell carcinomas (BCC) and the detection of HH pathway 
dysregulation in almost all BCC confirms the importance of this 
developmental regulatory pathway in human BCC tumorigenesis . Moreover, 



the 



occurrence of UVB signature mutations in key HH pathway genes in BCC 
provides the first genetic evidence thatUV radiation (UVR) may be the 
principal mutagen involved in BCC tumorigenesis. We review herein current 
advances in the understanding of the role of the HH 'pathway in BCC 
tumorigenesis including transgenic and knock-out animal models of HH 
pathway dysregulation. Furthermore, we summarize abnormalities in other 
tumor suppressors and oncogenes including ras and p53 and evidence for 
interactions between these regulatory genes and the HH pathway. 
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We have molecularly characterized a proteolytic cleavage in conserved 
nuclear pore complex proteins. This cleavage, previously demonstrated to 
be essential for the biogenesis of two nuclear pore complex proteins in 
mammals {Nup98 and Nup96) and yeast (Nupl45-N and Nupl45-C)/ occurs 
between Phe and Ser residues within a highly conserved domain in a 
polypfotein precursor. Here, we show that a protease is not involved in 
the cleavage event. By using a combination of domain mapping and 
site-directed mutagenesis,* we demonstrate that the human nuclear 
pore complex protein Nup98 specifically cleaves itself between F863 and 
S864. A region of Nup98', amino acids 715-920, is able to cleave, whereas 

smaller region, amino acids 772-920, does not cleave. In addition, we 

generated a Nup98 mutant that cleaves under defined conditions in vitro. 
Further, the .two cleaved ' fragments of Nup98 form a complex, providing a 
possible mechanism whereby -specif ic, yet low-affinity, binding between 
Nup98 arid Nup96 is responsible for the nuclear targeting of Nup96. 
Although apparently unrelated evolutionarily, Nup98 has converged on an 
autoproteolytic biogenesis mechanism similar to that of hedgehog- 
proteins, the inteins, and the N-terminal nucleophile proteins. 
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Proteolysis of cubitus interruptus in Drosophila requires 
phosphorylation by protein kinase A. 
Price M A; Kalderon D 
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The Hedgehog signal transduction pathway is involved in diverse 
patterning events in many organisms. In Drosophila, Hedgehog 
signaling regulates transcription of target genes by modifying the 
activity of the DNA-binding protein Cubitus interruptus (Ci) . 
Hedgehog signaling inhibits proteolytic cleavage of full-length Ci 
(Ci-155) to Ci-75, a form that represses some target genes, and also 
converts the full-length form to a potent transcriptional activator. 
Reduction of protein kinase A (PKA) activity also leads to accumulation 
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full-length Ci anj^^o ectopic expression of Hedge^^^ target 
genes, promptingBft hypothesis that PKA might no3|^ly promote cleavage 
to Ci-75 by direcny phosphorylating Ci-155. Here we show that a mutant 
form of Ci lacking five potential PKA phosphorylation sites (CiSm) is not 
detectably cleaved to Ci-75 in Drosophila embryos. Moreover, changes in 
PKA activity dramatically altered levels of full-length wild-type Ci in 
embryos arid imaginal discs, but did not significantly alter full-length 
Ci5m levels. We corroborate these results by showing that Ci5m is more 
active than wild-type Ci at inducing ectopic transcription of the Hh 
target gene wingless in embryos and that inhibition of PKA enhances 
induction of wingless by wild-type Ci but not by CiSm. We therefore 
propose that PKA phosphorylation of Ci is required for the proteolysis of 
Ci-155 to Ci-75 in vivo. We also show that the activity of Ci5m remains 
Hedgehog responsive if expressed at low levels, providing further 
evidence that the full-length form of Ci undergoes a Hedgehog 
-dependent activation step. 
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AB -We have examined the developmental properties of the polydactylous 
chicken 

mutant, talpid(2). Ptc, Glil, Bmp2, Hoxdl3, and Fgf4 are expressed 
throughout the anteroposterior axis of the mutant limb bud, despite 
normal 

Shh expression. The expression of Gli3, Ihh, and Dhh appears to be 
normal, 

suggesting that the Shh signaling pathway is constitutively active in 
talpid(2) mutants. We show that preaxial talpid(2) limb bud mesoderm has 
polarizing activity in the absence of detectable Shh mRNA. When the 
postaxial talpid(2) limb bud (including all Shh-expressing cells) is 
removed, the preaxial cells reform a normal-shaped talpid(2) limb bud 
(regulate) . However, a Shh-expressing region (zone of polarizing 
activity) 

does not reform; nevertheless Fgf4 expression in the apical ectodermal 
ridge is maintained. Such reformed talpid(2) limb buds develop complete 
talpid{2) limbs. After similar treatment, normal limb buds downregulate 
Fgf4, the preaxial cells do not regulate, and a truncated anteroposterior 
deficient limb forms. In talpid(2) limbs, distal outgrowth is independent 
of Shh and correlates with Fgf4, but not FgfS, expression by the apical 
ectodermal ridge. We propose a model for talpid(2) in which leaky 
activation of the Shh signaling pathway occurs in the absence of Shh 
ligand. 

Copyright 1999 Academic Press. 
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The establishment of the main body axis and the determination of 
left-right asymmetry are fundamental aspects of vertebrate embryonic 
development. A link between these processes has been revealed by the 
frequent finding of midline defects in humans with left-right anomalies. 
This association is also seen in a number of mutations in mouse and 
zebrafish, and in experimentally manipulated Xenopus embryos. However, 

severity of laterality defects accompanying abnormal midline development 
varies, and the molecular basis for this variation is unknown. Here we 
show that mouse embryos lacking the early-response gene SIL have axial 
midline defects, a block in midline Sonic hedgehog (Shh) ' 
signalling and randomized cardiac looping. Comparison with Shh mutant 
embryos, which have axial defects but normal cardiac looping,, indicates 
that the consequences of abnormal midline development for left-right 
patterning depend on the time of onset, duration and severity of 
disruption of the normal asymmetric patterns of expression of nodal, 
lefty-2 and Pitx2 . 
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We have used the mouse developing tooth germ as a model system to explore 
the transmission of Sonic hedgehog (Shh) signal in the induction 
of Patched (Ptc) . In the early developing molar tooth germ, Shh is 
expressed in the dental epithelium, and the transcripts of Shh downstream 
target genes Ptc and Glil are expressed in dental^ epithelium as well as 
adjacent mesenchymal tissue. The homeobox gene. Msxl is also expressed in 
the dental mesenchyme of the molar tooth germ at this time. We show here 
that the expression of Ptc, but not Glil, was downregulated in the dental 
mesenchyme of Msxl mutants. In wild-type Ell.O molar tooth mesenchyme 
SHH-soaked beads induced the expression of Ptc and Glil. However, in Msxl 
mutant dental mesenchyme SHH-soaked beads were able to induce Glil but 
failed to induce Ptc expression, indicating a requirement for Msxl in the 
induction of Ptc by SHH. Moreover, we show that another signaling 
molecule, BMP4, was able to induce Ptc expression in wild-type dental 
mesenchyme, but induced a distinct expression pattern of Ptc in the Msxl 
mutant molar mesenchyme. We conclude that in the context of the tooth 



CORPORATE SOURCE: 
SOURCE: 
PUB. COUNTRY: 



LANGUAGE : 
FILE. SEGMENT 
ENTRY MONTH: 
ENTRY DATE: 



AB 



=> s hedgehog or patched 



LI 5974 HEDGEHOG' OR PATCHED ■ 

=> s dopa? or parkinson? 
L2 256479 DOPA? OR PARKINSON? 

=> s 11 and 12 

L3 70 LI AND L2 ' ^ 

=> dup rem 13 • ' , 

PROCESSING COMPLETED FOR L3 

L4 44 DUP REM 1.3. (26 DUPLICATES REMOVED) 

=> d ibib. abs 1-44 



L4 ANSWER 1 OF 
ACCESSION NUMBER: 
TITLE: 

AUTHOR: . 

CORPORATE SOURCE: 



SOURCE: 



DOCUMENT TYPE: 
COUNTRY: 
LANGUAGE : 
SUMMARY LANGUAGE: 



AN 
AB 
than 



2001:324802 
During the 

60% of gene 
Development 
have made 
Dr.osophila 
genes of un 



4 4 BIOTECHNO COPYRIGHT 2001 Elsevier Science B.V. 
2001:32480293 BIOTECHNO 

Of flies and men - Studying human disease in 
Drosophila 
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past year, the Drosophila genome has been sequenced. More 



s implicated in human disease have Drosophila orthologues . 
s in RNA-mediated interference and homologous recombination 
reverse genetics' feasible in Drosophila. Conventional 
genetics is being used increasingly to place human disease 
known function in the context of functional pathways. 
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AB Embryonic mouse striatal neurons and human neurons derived ^ from the 
NT2/hNT stem cell line can be induced, in culture, to express the 
dopaminergic (DA) biosynthetic enzyme tyrosine hydroxylase (TH) . 
The novel expression of TH in these cells is signaled by the synergistic 
interaction of factors present in the media, such as fibroblast growth 
factor 1 (FGFl) and. one of several possible coactivators [DA, phorbol 
12-myristate 13-acetate (TPA) , isobutylmethylxanthine (IBMX), or 
forskolin] . Similarly, in vivo, it has recently been reported that the 
expression of TH in the developing midbrain is mediated by the synergy of 
FGF8 and the patterning molecule sonic hedgehog (Shh) . In the 
present study, we examined whether the putative in vivo DA 

differentiation 

factors can similarly signal TH in our in vitro cell systems. We found 
that FGF8 and Shh induced TH expression in fewer than 2% of NT2/hNT cells 
and less than 5% of striatal neurons. The latter could be amplified to as 
much as 30% by increasing the concentration of growth factor 10-fold or 

by 

the addition of other competent coactivators { IBMX/f orskolin, TPA, and 
DA) . Additivity/inhibitor experiments indicated that FGF8 worked through 
traditional tyrosine kinase-initiated MAP/MEK signaling pathways. 
However, 

the Shh signal transduction cascade remained unclear. These data suggest 
that cues effective in vivo may be less successful in promoting the 
differentiation of a DA phenotype in mouse and human neurons in culture. 
Thus, our ability to generate DA neurons from different cell lines, for 
use in the treatment of Parkinson's disease, will depend on the 
identification of appropriate differentiation signals for each cell type 
under investigation. Copyright 2001 Academic Press. 
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AB Chick midbrain comprises two major components along the dorsoventral 

axis, - 

the tectum and the tegmentum. The alar plate differentiates into the 

optic 

tectum, while the basal plate gives rise to- the tegmentum. It is largely, 
unknown how the differences between these two structures are molecularly 
controlled during the midbrain development. The secreted protein Sonic 
hedgehog (Shh) produced in the notochord and floor plate induces 
differentiation of ventral cell types of the- central nervous system. To 
evaluate the role of Shh in the establishment of dorsoventral polarity in 
the developing midbrain, we have ectopically expressed Shh unilaterally 



the brain vesicles including whole midbrain of El. 5 chick embryos in ovo. 
Ectopic Shh repressed normal growth of the tectum, producing dorsally 
enlarged tegmentum region. In addition, the expression of several genes 



crucial for tectm^rmation was strongly suppre^^^kin the midbrain and 
isthmus. Markers^^^ midbrain roof plate were inl:^PE^d, indicating that 
the roof plate was not fully generated. After E5, the tectum territory of 
Shh-transfected side was significantly reduced and was fused with that of 
untransfected side. Moreover, ectopic Shh induced a considerable number 

of . 

SCl-positive motor neurons, overlapping markers such as HNF-3(beta) 

(floor 

plate), Isl-1 (postmitotic motor neuron) and Liml/2. Dopaminergic 
and serotonergic neurons were also generated in the dorsally extended 
■ region. These changes indicate that ectopic Shh changed the fate of Xhe 
mesencephalic alar plate to that of the basal plate, suppressing the 
massive cell proliferation that normally occurs in the developing tectum. 
Taken together our results suggest that Shh signaling restricts the 
tectum 

territory by controlling the molecular cascade for tectum formation along 
dorsoventral axis and by regulating neuronal cell diversity in the 
ventral 

midbrain. 
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AB Olfactory receptor neurons (ORNs) from the squid, Lolliguncula brevis, 
respond to the odors 1-glutamate or dopamine with increases in 
internal Ca(2 + ) concentrations ( [Ca (2+) ] (i ) ) . To directly asses the 
effects of increasing [Ca(2+)] (i) in perforated-patched squid 
ORNs, we applied 10 mM caffeine to release Ca(2+) from internal stores. • 

We 

observed an inward current response to caffeine. Monovalent cation 
replacement of Na(+) from the external bath solution completely and 
selectively inhibited the caffeine-induced response, and ruled out the 
possibility of a Ca( 2+) -dependent nonselective cation current. The strict 
dependence on internal Ca(2+) and external Na(+) indicated that the 
inward 

current was due to an electrogenic Na(+)/Ca(2+) exchanger. Block of the 
caffeine-induced current by an inhibitor of Na(+)/Ca(2+) exchange (50-100 
. microM 2 ' , 4 * -dichlorobenzamil ) and reversibility of the exchanger 
current, 

further confirmed its presence. We tested whether Na(+)/Ca(2+) exchange 
contributed to odor responses by applying the aquatic odor 1-glutamate in 
the presence and absence of 2', 4 ' -dichlorobenzamil . We found that 
electrogenic Na(+)/Ca(2+) exchange was responsible for approximately 26% 
of the total current associated with glutamate-induced odor responses. 
Although Na(+)/Ca(2+) exchangers are known to be present in ORNs from 
numerous species, this is the first work to demonstrate amplifying 
contributions of the exchanger current to odor transduction. 
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The relatively few dopaminergic (DA) neurons in the mammalian 
brain regulate many important neural functions, including motor 
integration, neuroendocrine hormone release, cognition, emotive behaviors 
and reward. A number of laboratories, including ours, have contributed to 
unravel the mechanisms of DA phenotype induction and maturation and 
elucidated the role of epigenetic factors involved in specification, 
development and maintenance of midbrain dopaminergic functions. 
DA progenitors are first "committed" to give rise to DA neurons by the 
action of two secreted factors, Sonic hedgehog and fibroblast 
growth factor 8 (FGF8) . Subsequently, the function of selectively 
activated transcription factors, Nurrl and Ptx3, is required for the DA 
final determination,- Further development of DA neurotransmission requires 
specific interactions with the developing target striatal cells, which 
modulate key DA functions, namely synthesis and uptake of the 
neurotransmitter. Committed and determined DA neurons express the key 
genes involved in DA neurotransmission .at different times in development. 
In rodents, synthesis and intracellular accumulation of DA is achieved 
shortly after expression of Nurrl, while the onset of high affinity 
uptake, responsible for ending the neurotransmission, takes place after. a 
few days. Cell contacts between the presynaptic DA neurons and target 
striatal neurons are apparently necessary for the fine modulation of DA 
function, in vivo and in vitro. Strikingly, the in situ maturation and 
phenotypic specialization of DA neurons grafted into the adult 
striatum/caudate-putamen parallels the normal development of committed 
fetal dopamine neurons during neurogenesis. The correct matching 
between the right presynaptic and postsynaptic neurons is required also 
for grafted DA cells. 
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mouse embryonic stem cells. 
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Embryonic stem (ES) cells are clonal cell lines derived from the inner 
cell mass of the developing blastocyst that can proliferate extensively 

vitro and are capable of adopting all the .cell fates in a developing 



embryo. Clinica!^^^Bferest in the use of ES cells J|i||Nbe en stimulated by 

studies showing isolated human cells with ES^P^^P^^ties from the 

inner cell mass or developing germ cells can provide a source of somatic 
precursors. Previous studies have defined in vitro conditions for 
promoting the development of specific somatic fates, specifically, 
hematopoietic, mesodermal, and neurectodermal . In this study, we present 

method for obtaining dopaminergic (DA) and serotonergic neurons 
in high yield from mouse ES cells in vitro. Furthermore, we demonstrate 
that the ES cells can be obtained in unlimited numbers and that these 
neuron types are generated efficiently. We generated CNS progenitor 
populations from ES cells, expanded these cells and promoted their 
differentiation into dopaminergic and serotonergic neurons in 
the presence of mitogen and specific signaling molecules. The 
differentiation and maturation of .neuronal cells was completed after 
mitogen withdrawal from the growth medium. This experimental system 
provides a powerful tool for analyzing the molecular mechanisms 
controlling the functions of these neurons in vitro and in vivo, and 
potentially for understanding and treating neurodegenerative and 
psychiatric diseases. 
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Holoprosencephaly, sacral anomalies, and situs ambiguus in 
an infant with partial monosomy 7q/trisomy 2p and SHH and 
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We report an infant with holoprosencephaly (HPE), sacral anomalies, and' 
situs ambiguus with a 4 6, XY, der (7 ) t (2; 7 ) (p23 . 2; q36 . 1 ) karyotype as a 
result of an adjacent-1 segregation of a t(2;7)pat^ The chromosomal 
abnormality was diagnosed prenatally after sonographic detection of HPE 

the fetus. The baby was born at 37 weeks gestation, and died in the 
newborn period; he had dysmorphic features consistent with HPE sequence. 
Postmortem internal evaluation showed semilobar HPE, abdominal situs 
ambiguus, multiple segments of bowel atresia, dilatation of the ureters, 
and bony sacral anomalies. Molecular analysis confirmed hemizygosity for 
the SHH and HLXB9 genes, which are likely to be responsible for the HPE 
and sacral phenotypes, respectively. Immunohistochemical studies showed 
intact dopaminergic pathways in the mesencephalon, suggesting 
that midbrain dopamine neuron induction appears to require only 
one functioning SHH allele. 
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With the complete sequence of the human genome expected by winter 2001, 
genomic-based drug discovery efforts of the pharmaceutical industry are 
focusing on finding the relatively few therapeutically useful genes from 
among the total gene set. Methods to rapidly elucidate gene function 



have increasing value in these investigations. The use of model 
organisms . - 

in functional genomics has begun to be recognized and exploited and is 
one example of ^the emerging use of the tools of developmental biology in 
recent drug discovery efforts. The use of protein products expressed 
during embryogenesis and the use of certain pluripotent cell populations 
(stem cells) as candidate therapeutics are other applications of 
developmental biology to the treatment of human diseases. These agents 
may be used to repair damaged or diseased tissues by inducing or 
directing developmental programs that .recapitulate embryonic processes 



to 



genes 



replace specialized cells. The activation or silencing of embryonic 

in the disease state, particularly those encoding "transcription factors, 
Is another avenue of exploitation. Finally, the direct drug-induced 
manipulation of embryonic development is a unique application of 
developmental biology in animal agriculture. 
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The decade of the brain: A brief review 
- Tandon P.N. 
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Recognising the huge burden of neurological and psychiatric disorders 

prompted by the potentials of new techniques of molecular biology, 
biotechnology, genetics and imaging to study these, the 1990s were 
declared the 'decade of the brain'. This stimulated global scientific 
efforts to understand the human brain in health and disease. This review 
summarises some of the major research achievements during the decade. 
While it is impossible to provide a comprehensive summary of the 
voluminous data that. has been generated, it was decided to provided a 
bird's eye view of the recent advances in the fields of developmental 
neurobiology, neurogenetics, neurochemistry and imaging of the brain, 
which have direct relevance for the clinicians. 
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Midbrain dopaminergic (DA) neurons subserve complex and varied 
neural functions in vertebrate CNS. Their progenitors give rise to DA 
neurons by the action of two extracellular inducers, Sonic 
Hedgehog and FGF8 . After this first commitment, the function of 
selectively activated transcription factors, like the orphan steroid 
nuclear receptor Nurrl, is required for DA final determination. 
Subsequently, DA function is selectively modulated by specific 
interaction 

with the developing striatal target tissue. Committed and determined DA 
neurons express the key genes involved in DA neurotransmission at 
different times in development. Synthesis and intracellular accumulation 
of DA is achieved shortly after expression of Nurrl, while high affinity 
uptake, responsible for ending the neurotransmission, takes place after a 
few. days. Cell contacts between the presynaptic DA neurons and target 
striatal neurons are apparently necessary for the fine modulation of DA 
function, in vivo and in vitro. 
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anatomical deficits induced by 6-hydroxydopamine in rats. 
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Neurology, (April 11, 2000) Vol. 54, No. 7 Supp. 3, pp. 
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Sonic Hedgehog (Shh) is a secreted protein that controls cell 
fate and mitogenesis in the developing nervous system. Here we show that 
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const itutively active form of Smoothened {Smo-M2) mimics 
concentration-dependent actions of Shh in the developing neural tube, 
including activation of ventral marker genes (HNF3beta, patched, 
Nkx2.2, netrin-1), suppression of dorsal markers (Pax-3, Gli-3, Ephrin 



mu^ . - . - 

' and induction o^^^Htral neurons (dopaminergicy |^^tonergic) 

and ventrolater^^^tor neurons (Islet-1+, Islet^^|^HB9+) and 

interneurons (Engrailed-1+, CHX10+) . Furthermore, Smo-M2's patterning 
activities were cell autonomous, occurring exclusively in cells 
expressing 

Smo-M2. These findings suggest that Smo is a key signaling component in 
the Hh receptor and that Shh patterns the vertebrate nervous system as a 
morphogen, rather than through secondary 'relay signals. 
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AB , Neural stem cells (NSCs) of the CNS have recently aroused a great deal of 
interest not only because of their' importance in basic neural development 
. but also their therapeutic potential for neurological diseases such as 
' Parkinson disease' and stroke. During the CNS development, 

specif icat ion .'of midbrain DA system is determined by two molecular 
cascades. In one pathway, FGF-8, sonic hedgehog and transcriptibn 
-factor Nurrl specify DA neurotransmitter phenotype, and in the another, 
transcription factors Lmxlb and Ptx3 are important. In Nurrl knock-out 
mouse, TH positive cells fail to appear in substantia "nigra, indicating 
' that Nurrl is ess'ential in specifiGation of DA phenotype. In this study, 
we used immortalized human NSCs retrbyirally 'transduced with Nurrl gene. 



to 



of 



probe the Nurrl-mediated mechanism to induce DA phenotype. While Nurrl 
overexpression "alone did not generate DA- phenotype in NSCs, application 



retinoid and foskblin induced expression of TH and AADC mRNAs. .In 
addition, co-cultures of Nurrl expressing NSCs with human astrocytes 
induced a marked increase of TH expression. In this co-culture system, 
addition of retinoids and foskolih dramatically increased expression of 
TH>. These results indicate that the immortalized human NSCs with Nurrl 
gene have the clinical. utility for cell replacement for patients 
suffering 

from Parkinson disease (supported by KOSEF) 

L4 ANSWER 14 OF 4 4 BIOSIS COPYRIGHT 2001 BIOSIS 
ACCESSION NUMBER: 2001:88175 BIOSIS 
DOCUMENT NUMBER: PREV200100088175 

TITLE: , Cooperative effects of sonic hedgehog and NGF on 

' basal forebrain cholinergic neurons in vitro. 
AUTHOR(S): Reilly, J. 0. (1); Mahanthappa, N. K.^" Allendoerfer, K. I 

CORPORATE SOURCE: (1) Ontogeny, Inc., Cambridge, MA USA 

SOURCE: Society for Neuroscience Abstracts, (2000) Vol. 26, No. 

. 1-2, pp. Abstract No. -319. 9. print. 
Meeting Info. : 30th Annual Meeting of the Society of 
Neuroscience New Orleans, LA, USA November 04-09, 2000 
Society for Neuroscience 

. ISSN: 0190-5295. , 
DOCUMENT TYPE: , Conference 
LANGUAGE: English , . 

SUMMARY LANGUAGE: English 

AB Sonic hedgehog (Shh) is a secreted protein that acts as an 



■IP 



ly in the development of th^^ehtral neuraxis. Shh 
^cation of several neural popd^^j/^ns including spinal 



with 



inducing molecuJ 
mediates the spec 

motor neurons, dopaminergic neurons, and cholinergic neurons 
during embryonic development. Since the Shh receptor patched-1 
(Ptc-1) is also expressed by basal forebrain cholinergic neurons in early 
postnatal and adult life, we asked whether these neurons can respond to 
exogenously added Shh in vitro. We added Shh alone and in combination 

other growth factors to cultures derived from embryonic day 16 rat basal 
forebrain. We find that Shh treatment alone has no effect, but that Shh 
synergizes with nerve growth factor (NGF) , increasing the number of 
choline acetyltransf erase (ChAT) positive cells by four-fold over the 
untreated cultures and two-fold over NGF alone. Using 3H-thymidine 
incorporation combined with ChAT immunohistochemistry, we find that this 
synergistic effect does not appear to be the result of enhanced 
proliferation of early cholinergic precursors. Given the previous reports 
of ^the role of Shh in differentiation of neurons, it is hypothesized that 
the effects observed are due to increased differentiation or survival of 
cholinergic neurons in these cultures in response to Shh and NGF. These 
experiments imply a role for Shh in mature cells and suggests a 
therapeutic value for Shh in neurodegenerative disease. 



L4 



ANSWER 15 OF 44 BIOSIS COPYRIGHT 2001 BIOSIS 



ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 

AUTHOR (S) : 

CORPORATE SOURCE: 
SOURCE: 



2001:93450 BIOSIS 
PREV200100093450 

Molecular control of dopaminergic differentiation 
in bFGF expanded midbrain precursors . 
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Conference J- 
English 
English 

in vitro proliferation of CNS precursors 
brain repair. We recently demonstrated 1 
cells can be expanded in vitro with bFGF and converted into functional 
dopaminergic neurons that, upon transplantation, alleviate 
behavioral symptoms in Parkinsonian rats. The efficiency of the 
system has been limited to a 10-100 fold in vitro increase of total cell 
numbers. Expansion of precursors for longer in vitro periods results in a 
dramatically reduced dopaminergic yield despite intact neuronal 
differentiation. We identified several genes that are differentially 
expressed in precursors expanded for various in vitro periods that 
correlate with the ability of the cells to generate dopaminergic 
neurons. Long-term expanded precursors showed decreased expression levels 
of sonic hedgehog, FGF8 and Nurrl as well as a loss of Pax2, 
Pax5 and Pax8 expression by RT-PCR. Re-introduction of some of these 
differentially expressed genes into long-term expanded precursors 
partially restored TH differentiation. Our study provides a powerful 
technique to identify genes involved in the regional commitment of CNS 
precursor cells and to develop rational strategies for the ex-vivo 
generation of specific neurons for brain repair. (L. Studer, V. Tabar, 
D. McKay, Nature Neurosci. 1, 290-295 (1998)) 
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Adenovirus-mediated gene transfer of Shh, Gli-1 and Nurrl 
in a rat model of Parkinson *s disease. 
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Several lines of evidence demonstrate the feasibility of adenoviral gene 
therapy for Parkinson's disease. Recently it has been 
demonstrated that Sonic hedgehog (Shh) is a neurotrophic and 
neuroprotective factor for Dopaminergic neurones (DA) in vitro. 
Increasing evidence suggests that the Shh signal is mediated by the 
regulation of Gli-1 expression. As an approach to directly regulate, at 
the transcriptional level, the neuroprotective signal of Shh, a 
recombinant adenovirus (RAd) expressing human Gli-1 has been constructed. 
An adenovirus expressing the transcription factor Nurrl, a crucial gene 
for differentiation and survival of DA was also generated. In this study 
we demonstrate that a RAd encoding Shh is able to protect ventral 
mesencephalic neurones from the toxic insult of the neurotoxin 6-OHDA, in 
vitro. In order to test whether Shh, Gli-1 or Nurr-1 are able to 
protectin 

vivo against this neurotoxin, Sprague-Dawley rats were intrastriatally 
injected with a dose of 3.2x107 pfu/3mul of RAdShh, RAdGli-1 or RAdNurrl 
together with the retrograde- tracer Fluorogold (FG) . One week after, 
degeneration of ^ the nigro-striatal pathway was inducedvby injecting 
6-OHDA 

at the same coordinates used for the vectors and FG. The rats were 
sacrificed 6 weeks after the injection of 6-OHDA. The results demonstrate 
that neither RAdShh nor RAdGli-1 or RAdNurrl were able to induce a 
significant protection against the toxic insult of 6-OHDA. These data 
indicate that in this particular in vivo model and at the dose of RAd 
used, gene transfer of Shh, Gli-1 and Nurrl is unable to elicit 
neuroprotective effects in the substantia nigra. 
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Intrastriatal injection of sonic hedgehog reduces 
behavioral impairment in rat model of Parkinson's 
disease. 

Tsuboi, K. (1); Shults, C. W. 
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AB Sonic hedgehog (Shh) , a member of hedgehog family of 

signaling molecules, is necessary for normal axial patterning and 
cellular 

differentiation in the developing central nervous system. It is also 

known 

that Shh promotes the survival of fetal dopaminergic (DA) 

neurons and protects cultures of fetal midbrain DA neurons from the toxin 
effects of MPP+, a neurotoxin that induces Parkinsonism in. vivo. 
In this study we examined the behavioral and anatomical effects of 
intrastriatal injection of singly myristoylated wild type human Shh 
N-terminal fragment (Shh-M) in a rat model of Parkinson's 
disease. Five groups of rats received a series of injections of Shh-M 
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LANGUAGE : 
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(180 



ng, 540 ng, 4.275 mug/injection), glial cell line-derived neurotrophic 
factor (GDNF) (1 mug/injection) or vehicle on days 1, 3, 5 and 8. On day 
4, the animals received an intrastriatal injection of 15 mug 
6-hydroxydopamine . Both Shh-M (180 ng/in j ection) and GDNF resulted in a 



similar level ' JBj^tenuation of drug- induced ro^i^on. However, the area 
:^H^rne hydroxylase immunoreactiv^H^j- 



of preserved t^B^rne hydroxylase immunoreactiv^M^H-IR) fibers around 
injection site wks larger in the GDNF-treated groups than in the Shh-M(180 
ng) -treated group. Furthermore, there were no significant differences in 
the density of TH-IR fibers around the injection site and in the 
preservation of nigral TH-IR neurons between the Shh-M-treated group and 
the vehicle-treated group, while the GDNF-treated group showed 
significantly higher density of TH-IR fibers and preservation of nigral 
TH-IR neurons. The behavioral effect of Shh-M may have been mediated by 
actions on the striatal neurons as well as on nigrostriatal DA. system. 
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AB Current treatments 'for Parkinson's Disease (PD) fail to address 
the problem of ongoing degeneration of the nigrostriatal 
dopaminergic neurons. Sonic hedgehog (SHH) in vitro, has 
trophic effects on dopaminergic cell cultures, and protect these 
cells from MPTP toxicity. This would .suggest that SHH might have 

potential • 

as a therapy for PD. In this study, 0.1 and, 1.0 ul SHH or vehicle was 
injected unilaterally on two occasions, 5 weeks apart, into the 
supra-nigral region of 17 MPTP treated common marmosets,, in a blind 
fashion. Low dose SHH (0. lug,. n=5) produced a non-significant improvement, 
in motor function and locomotor activity following the first, 
administration of SHH. Following- the second administration of SHH, 
locomotor scores were lowered by 15% from control. Motor disability (29%) 
and locomotor activity (28%) were significantly improved , following the 
first injection 'Of high dose (lug, n=6) SHH, but this, improvement was not 
maintained following the second dose. Locomotor activity returned to 
control levels following the second administration of SHH in the group 
receiving high dose SHH, . whilst* motor disability increased 11%. Control 
animals (n=6) , injected with lul of Q.IM PBS, showed no significant 
changes in locomotor activity. Compared to the contralateral substantia 
nigra, .the. ipsilateral SN exhibited a greater density of tyrosine 
hydroxylase +ve neurons in animals receiving SHH compared to control 
animals. Animals receiving a low dose of SHH showed a 21% non significant 
increase, whilst with high dose SHH, animals showed a 57% significant 
increase. The results indicate that SHH may have potential therapeutic 
effects for the treatment of PD. 
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Adult rat-derived hippocampal progenitor cells express many of the 
molecules implicated in midbrain dopaminergic determination, 
including FGF receptors 1, 2 and 3, the sonic hedgehog receptor 
components Smo and Ptc, and the region-specific transcription factors 

and Nurrl. Here we use undifferentiated progenitors to probe the events 
leading to the dopaminergic phenotype and find that the 

influences of Nurrl can be temporally and mechanistically uncoupled from 
the patterning influences of sonic hedgehog and FGF-8 or the 
more generic process of neuronal differentiation itself. In 
gain-of-f unction experiments, Nurrl is able to activate transcription of 
the tyrosine hydroxylase gene by binding a response element within a 
region of the tyrosine hydroxylase promoter . necessary for 
midbrain-specif ic expression. This activation is mediated through a 
retinoid X receptor independent mechanism and occurs in all precursors, 
regardless of differentiation status. Overexpression of Nurrl does not 
affect proliferation or stimulate neuronal differentiation and has no- 
influence on the expression of other dopaminergic markers. This 
uncoupling of tyrosine hydroxylase expression from other 
dopaminergic markers suggests that the midbrain 
dopaminergic identity is dictated by a combination of pan- 
dopaminergic (e . g . , • Shh/FGF-8 ) and region-specific (Nurrl) 
mechanisms. 
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the differentiation of a dopamine phenotype in 
culture. 

Stull, N. D. (1); lacovitti, L. (1) 

(1) Department of Neurology, Thomas Jefferson University 
Medical College, Philadelphia, PA, 19107 USA 
Society for Neuroscience Abstracts., (1999) Vol. 25, No. 
1-2, pp. 1030. 

Meeting Info.: 29th Annual Meeting of the Society for 
Neuroscience. Miami Beach, Florida,' USA October 23-28, 

Society for Neuroscience 

. ISSN: 0190-5295. 

Conference 

English 

English 

44 BIOSIS COPYRIGHT 2001 BIOSIS 
2000:67205 BIOSIS 
PREV200000067205 

Induction of, rat midbrain dopaminergic neurons in 
vitro by Sonic Hedgehog and modulation of Nurrl 
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Effects of prenatal cocaine exposure on embryonic 
expression of sonic hedgehog. 
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Cocaine use by pregnant- women may adversely ' affect development and 
behavior in the exposed infants. Sonic hedgehog (shh) is a 
secreted protein that induces development of many structures in the 
embryo, including dopaminergic cells in the ventral midbrain, 
the limb buds, and eyes. Because prenatal cocaine exposure has been shown 
to adversely affect the morphogenesis of these and other systems, the 
present study was undertaken to test the hypothesis that maternal cocaine 
treatment would alter shh mRNA expression. Cocaine HCl (60 mg/kg i.p.) 

administered to pregnant mice on gestational days 6-8, the time 'that 
immediately precedes the appearance of shh. Control dams received i.p. 
saline. Embryos from gestational days 9-11 were examined by in situ 
hybridization. The temporal and spatial patterns of shh expression were 
indistinguishable between embryos from cocaine- and saline-treated dams.. 
Examination of forebrain, midbrain, and midbody spinal cord coronal 
sections failed to reveal any differences in the dorsoventral and 
mediolateral localization of shh. The .distribution of mRNA for 
patched (ptc) , the membrane receptor for shh, was also 
indistinguishable between both groups. Chick embryos were next used to 
examine the direct application of cocaine into the developing brain. Shh 
distribution was similarly unaffected in these chick embryos. These data 
show that maternal cocaine treatment during early neural tube -development 
does not significantly alter the expression patterns of shh- or ptc mRNA. 
Thus, congenital defects and behavioral abnormalities associated with 
maternal cocaine use do not appear' to result from altered expression of 
the shh-ptc pathway. 
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Cultured insect mushroom body neurons express functional 
. receptors for acetylcholine, GABA, glutamate, octopamine, 
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was 



with 



AB Fluorescence ca^^^p imaging with fura-2 and who^y|^ell, patch-clamp 

electrophysiolog^^^s applied to cultured Kenyon^Pijis (interneurons ) 
isolated from the mushroom bodies of adult crickets"' (Acheta domesticus)- 
to " 

demonstrate the presence of functional neurotransmitter receptors. In all 
cells investigated, 5 microM acetylcholine (ACh, n = 52) evoked an 
increase in intracellular free calcium ([Ca2+]i). Similar effects were 
observed in response to 10 microM nicotine. The ACh response was 
insensitive to atropine (50 microM) but was reduced by mecamylamine (50 
microM) and alpha-bungarotoxin (alpha-bgt, 10 microM) . ACh-induced inward 
ion currents (n = 28, EACh approximately 0 mV) were also blocked by 1 
microM mecamylamine and by 1 microM alpha-bgt. Nicotine-induced inward 
currents desensitized more rapidly than ACh responses. Thus functional 
alpha-bgt-sensitive nicotinic ACh receptors are abundant on all Kenyon 
cells tested, and their activation leads to an increase in [Ca2+]i. 
gamma-Aminobutyric acid (GABA, 100 microM) triggered a sustained decrease 
in [Ca2+]i. Similar responses were seen with a GABAA agonist, muscimol 
(100 microM), and a GABAB agonist, 3-APPA (1 mM) , suggesting that more 
than one type of GABA receptor can affect [Ca2+]i. This action of GABA 

not observed when the extracellular KCl concentration was lowered. All 
cells tested (n = 26) with patch-clamp electrophysiology showed 
picrotoxinin ( PTX) -sensitive, GABA-induced (30-100 microM) currents with 

chloride-sensitive reversal potential. Thus, an ionotropic PTX-sensitive 
GABA receptor was found on all Kenyon cells tested. Most (61%) of the 54 
cells studied responded to -glutamate (100 microM) application either 

a biphasic inprease in [Ca2+]i or with a single, delayed, sustained 
[Ca2+]i increase. Nearly all cells tested (95%, n = 19) responded to (100 
microM) -glutamate with rapidly desensitizing, inward currents that 
reversed at approximately -30 mV. Dopamine (100 microM) elicited 
either a rapid or- a delayed increase in [Ca2 + ]i in 63% of the 26 cells 
tested. The time course of these responses varied greatly among cells. 
'Dopamine failed to elicit currents in patch-clamped cells (n = 4). 
A brief decrease in [Ca2+]i was induced by octopamine (100 microM) in 
approximately 54% of the cells tested (n = 35). However, when 
extracellular CaC12 was lowered, octopamine triggered a substantial 
increase in [Ca2+]i in 35% of the cells tested (n = 26). No 
octopamine-elicited currents were detected in patched- clamped 
cells (n = 10) . 
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AB Neuronal restricted precursors (NRPs) () can generate multiple 

neurotransmitter phenotypes during maturation in culture. 
Undifferentiated 

E-NCAM+ (embryonic neural cell adhesion molecule) immunoreactive NRPs are 
mitotically active and electrically immature, and they express only a 
subset of neuronal markers. Fully mature cells are postmitotic, 
process-bearing cells that are neurof ilament-M and synaptophysin 
immunoreactive, and they synthesize and respond to different subsets of ^ 



neurotransmitte^^^ecules . Mature neurons that ^^hesize and respond to 

glycine, glutama^^^GABA, dopamine, and acetylch^^e can be 

identified by iminunocytocheinistry, RT-PCR, and calcium imaging in mass 
cultures. Individual NRPs also generate heterogeneous progeny as assessed 
by .neurotransmitter response and synthesis, demonstrating . the multipotent 
nature of the precursor cells. Differentiation can be modulated by sonic 
hedgehog (Shh) and bone morphogenetic protein (BMP) -2/4 molecules. 
Shh acts as a mitogen and inhibits differentiation (including cholinergic 
differentiation) . BMP-2 and BMP-4, in contrast, inhibit cell division and 
promote differentiation (including cholinergic differentiation) . Thus, a 
single neuronal precursor cell can differentiate into multiple classes of 
neurons, and this differentiation can be modulated by environmental 
signals. 
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AB Nurrl is a member of the nuclear receptor superfamily of transcription 
factors that is expressed predominantly in the central nervous system, 
including developing and mature dopaminergic neurons. Recent *^ 
studies have demonstrated that Nurrl is essential for the induction of 
phenotypic markers of ventral mid-brain dopaminergic neurons 
whose generation is specified by the floor plate-derived morphogenic 
signal sonic hedgehog (SHH), but the precise role of Nurrl in 
this dif f erentiative pathway has not been established. To provide further 
insights into the role of Nurrl in* the final differentiation pathway, we ■ 
have examined the fate of dopamine cell precursors in Nurrl null 
mutant mice. Here we demonstrate that Nurrl functions at the. later stages 
of dopamine cell development to drive differentiation of ventral 
mesencephalic late dopaminergic precursor neurons. In the 
absence of Nurrl, neuroepithelial cells that give rise to 
dopaminergic neurons adopt a normal ventral localization and 
neuronal phenotype characterized by expression of the homeodomain 
transcription factor and mesencephalic marker, Ptx-3, at embryonic day 
11.5. However, these late precursors fail to induce a dopaminergic 
phenotype, indicating that Nurrl is essential for specifying commitment 



of 



mesencephalic precursors to the full dopaminergic phenotype. 
Further, as development progresses, these mid-brain dopamine 
precursor cells degenerate in the absence of Nurrl, resulting in loss of 
Ptx-3 expression and a concomitant increase in apoptosis of ventral 
midbrain neurons in newborn null mutant mice. Taken together, these data 
indicate that Nurrl is essential for both survival and final 
differentiation of ventral mesencephalic late dopaminergic 
precursor neurons into a complete dopaminergic phenotype. 
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Induction of the floor plate at the ventral midline of the neural tube is 
one of the earliest events in the establishment of dorsoventral (d/v) 
polarity in the vertebrate central nervous system (CNS) . The secreted 
molecule, Sonic hedgehog, has been shown to be both necessary 
and sufficient for this induction. In vertebrates, several downstream 
components of this signalling pathway have been identified, including 
members of the Gli transcription factor family. In this study, we have 
examined d/v patterning of the CNS in Gli2 mouse mutants. We have found 
that the floor plate throughout the midbrain, hindbrain and spinal .cord 
does not form in Gli2 homozygotes. Despite this, motoneurons and ventral 
■interneurons form in their normal d/v positions at 9.5 to 12.5 days 
postcoitum (dpc) . However, cells that are generated in the region 
flanking . ■ . , 

the floor plate, including dopaminergic and serotonergic 
neurons, were greatly reduced in number or absent in'Gli2 homozygous 
embryos. These results suggest that early signals derived from the 
notochord can be sufficient for establishing the basic d/v domains of 
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AB 



cell 



differentiation in the ventral spinal cord and hindbrain. Interestingly, 
the. notochord in Gli2 mutants does not regress ventrally after 10.5 dpc, 
as in normal embryos. Finally, the spinal cord of Glil/Gli2 
zinc-f inger-deletipn double homozygous mutants appeared similar to Gli2 
homozygotes, indicating that neither gene is required downstream of Shh 
for the early development of ventral cell fates outside the ventral 
midline . , . 
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During development, distinct classes of neurons are specified in precise - 
locations along the dorso-ventral and anterior-posterior axes of the 
neural tube-. We provide evidence that intersections of Shh, which is 
expressed along the ventral neural tube, and FGF8, which is locally 
produced at the mid/hindbrain boundary and in the rostral forebrain, 
create induction sites for dopaminergic neurons in the midbrain 
and forebrain. The same intersection, when preceded by a third signal, 
FGF4, which is expressed in the primitive streak, defines an inductive 
center for hindbrain 5-HT neurons. These findings illustrate that cell 
patterning in the neural plate is a multistep process in which early 
inducers, which . initially divide the neural plate into crude 
compartments) 

are replaced by multiple local organizing centers, which specify distinct 
neuronal cell types within these compartments. 
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AB Sonic hedgehog (Shh), an axis-determining secreted protein, is 

expressed during early vertebrate embryogenesis in the notochord and 
ventral neural tube. In this site it plays a role in the phenotypic 
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specification c^^Bitral neurons along the lengtJj^f the CNS . For 

example, 

Shh induces the differentiation of motor neurons in the spinal cord and 
dopaminergic neurons in the midbrain. Shh expression, however, 
persists beyond this induction period, and we have asked whether the 
protein shows novel activities beyond phenotype specification. Using 
cultures derived from embryonic day 14.5 (E14. 5) rat ventral 
mesencephalon, we show that Shh is also trophic for dopaminergic 
neurons. Interestingly, Shh not only promotes dopaminergic 
neuron survival, but also promotes the survival of midbrain 
GABA-immunoreactive (GABA-ir) neurons. In cultures derived from the 
E15-16 

striatum, Shh promotes the survival of GABA-ir interneurons to the 
exclusion of any other cell type. Cultures derived from E15-16 ventral 
spinal cord reveal that Shh is again trophic for interneurons, many of 
which are GABA-ir and some of which' express the Lim-1/2 nuclear marker, 
but it does not appear to support motorneuron survival. Shh does not 
support the survival of sympathetic or dorsal .root ganglion neurons. 
Finally, using the midbrain cultures, we show that in the presence of 
MPP+, a highly specific neurotoxin, Shh prevents dopaminergic 
neuron death that normally would have occurred. Thus Shh may have 
therapeutic value as a protective agent in neurodegenerative disease. 
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AB Sonic hedgehog (Shh) is a putative morphogen secreted by the 

floor plate and notochord, which specifies the fate of multiple cell 

types 

in the ventral aspect of the vertebrate nervous system. Since in 
Drosophila the actions of Hh have been shown to be transduced by Cubitus 
interruptus (Ci) , a zinc finger transcription factor, we examined whether 
a vertebrate homolog of this protein can mediate the functions of Shh in 
the vertebrate nervous system. Here, we demonstrate that expression of 
Gli-1, one of three vertebrate homologs of Ci, can be induced by Shh in 



the neural tube^^^Bther, ectopic expression of in the dorsal 

midbrain and hincBrain of transgenic mice mimics^jfe effects of 
ectopically expressed Shh-N, leading to the activation of ventral neural 
tube markers such as Ptc, HNF-3beta, and Shh; to the suppression of 
dorsal 

markers such as Pax-3 and AL-T; and to the formation of ectopic dorsal 
clusters of dopaminergic and serotonergic neurons. These 

findings demonstrate that GLI-1 can reproduce the cell patterning actions 
of Shh in the developing nervous system and provide support for the 
hypothesis that it is a mediator of the Shh signal in vertebrates. 
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Ventral cell fates in the central nervous system are induced by Sonic 
hedgehog, a homolog of hedgehog, a secreted Drosophila 
protein. In the central nervous system. Sonic hedgehog has been 
identified as the signal inducing floor plate, motor neurons, and 
dopaminergic neurons. Sonic hedgehog is also involved in 
the induction of ventral cell type in the developing somites, ptc is a 

gene in the Drosophila hedgehog signaling pathway where it is 
involved in-^ transducing the hedgehog signal and is also a 
transcriptional target of the signal. PTC, a vertebrate homolog of this 
Drosophila gene, is genetically downstream of Sonic hedgehog 
(Shh) in the limb bud. We analyze PTC expression during chicken neural 
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somite development and find it expressed in all regions of these tissues 
known to be responsive to Sonic hedgehog signal. As in the limb 
bud, ectopic expression of Sonic hedgehog leads to ectopic 
induction of PTC in the neural tube and paraxial mesoderm. This 
conservation of regulation allows us to use PTC as a marker for Sonic 
hedgehog response. The pattern of PTC expression suggests that 
Sonic hedgehog may play an inductive role in more dorsal regions ' 
of the neural tube than have been previously demonstrated. Examination of 
the pattern of PTC expression also suggests that PTC may act in a 
negative 

feedback loop to attenuate hedgehog signaling. 
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AB In the mammalian brain dopamine systems play a central role in 

the control of movement, hormone release, emotional balance and reward. 

Alteration of dopaminergic neurotransmission is involved in , 

Parkinsonls disease and other movement disorders, as well as in 

some psychotic syndromes. This review summarises recent findings, which 

shed some light on signals and cellular interactions involved in the 

specification and maturation of the dopaminergic function during 

neurogenesis. In particular we will focus on three major issues: (1) the 

differentiation of dopaminergic neurones triggered by direct 

contact with the midbrain floor plate cells through the' action of sonic 

hedgehog; (2) the neurotrophic factors acting on 

dopaminergic neurones; and (3) the role of target striatal cells 

on the survival and the axonal growth of . developing or grafted 

dopaminergic neurones . 
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AB Basic fibroblast growth factor (bFGF; FGF-2) has potent trophic effects 

on . ' 

developing and toxically impaired midbrain dopaminergic 
(DAergic) neurons which are crucially affected in Parkinson's 
disease. The trophic effects of FGF-2 are largely indirect, both in vitro 
and in vivo, and possibly involve intermediate actions of astrocytes and 
other glial cells. ^ To further investigate the cellular and molecular 
mechanisms underlying the restorative actions of FGF-2, and to analyse in 
more detail the changes within astroglial cells in the MPTP 
(l-methyl-4-phenyl-l, 2, 3, 6-tetrahydropyridine) -lesioned striatum, we have 
studied striatal expression and regulation of connexin-43 (cx43), the 
principal gap junction protein of astroglial cells, along with the 
expression of glial fibrillary acidic protein (GFAP), FGF-2, and 
functional coupling. Our results show an immediate, yet transient 

increase 

in cx43 mRNA, and a sustained increase in FGF-2 mRNA, GFAP-positive 
cells, 

and cx4 3-immunoreactive punctata following the MPTP lesion, without any 
induction of functional coupling between astrocytes and other glial cells 
as revealed by dye coupling of patched cells. Unilateral 
administration of FGF-2 in a piece of gelfoam caused a further increase 



more 



cx43-positive punctata immediately adjacent to the implant, which was 

pronounced than after application of a gelfoam containing the nontrophic 
control protein cytochrome C. These changes were parallelled by a small 
increase in cx43 protein determined by Western blot, but not by 



alterations in i^^Moupling state of cells in th|^^cinity of the gelfoam 
implant. Althou^^Kr data indicate that MPTP an^^ogenous FGF-2 may 
alter expression and protein levels of cx43, they do not support the. 
notion that increases in cellular coupling may underly the trophic and 
widespread actions of FGF-2 in the MPTP-model of Parkinson's 
disease. 
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AB The distribution of the noradrenaline (NA) - and dopamine 

(DA) -containing neuronal structures in the central, nervous system of the 
hedgehog (Erinaceus europaeus), a phylogenetically old mammalian 
species, was immunocytochemically studied employing antibodies directed 
against' the catecholamines (CA) themselves. Groups of DA cell bodies 
observed in this study were similar to those present in other species but 
the distributional map of the NA-cohtaining cell bodies exhibited some 
peculiarities; Prominent among them were the absence of the A3, group and 
the paucity of CA cells in the A2 group. DA neurons in the hypothalamus, 
apart from the densely populated paraventricular and arcuate nuclei, were 
fewer and less widely distributed than in. other species. In' the 
hedgehog mesencepha- Ion, in contrast to what has been described 
in other species, the major DA cell group was present in the ventral 
tegmental area. CA immunoreactive fib.ers were widely distributed in the 
CNS of the hedgehog. However, similarly to what has been 
observed in other species, terminal fields of DA neurons were much more; 
restricted when compared to those of the NA neurons. The neocortical DA 
projection system of the hedgehog appeared less developed but 
organized similar to that of the rat, and even less developed than that' 



of 



the 



of 



the primates. The lack of profound regional and laminar variations in the 
density of cortical NA fibers in the hedgehog enhances the 
suggestion that the elaboration and differentiation of the NA cortical 
system parallels the phylogenetic development of the cortex. In the 
brainstem, interspecies differences in the distribution of the CA fibers 
were found to concern primarily, some hypothalamic areas (medial, preoptic 
area, suprachiasmatic nucleus, arcuate nucleus) . Such -differences in the 
thalamus concerned the NA innervation and they were notably present in 

visual thalamic nuclei (dorsal lateral geniculate nucleus, lateral 
posterior thalamic nucleus) . In the spinal cord, which was found to 
receive fewer CA afferents than those found in other species, the density 
of the DA fibers was much lower than that of the NA axons. In addition to 
the CNS areas that have been described in other species to receive 
catecholaminergic innervation, the present study showed that both types 

catecholaminergic fibers are distributed in the choroid plexus and along 
the ventricular wall of the brain ventricles and the central canal of the 
hedgehog. 
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Immunocytochemistry with antisera against serotonin (5-HT), 
dopamine (DA) and noradrenaline (NA) was used to detect 
monoaminergic (MA) fibres in the ventricular system of the 
hedgehog Erinaceus europaeus . Light microscopic examination of 
immunocytochemically stained sections revealed that the ventricular 
system 

of the hedgehog is unique among mammals in that the choroid ^ 
plexuses receive CA axons and that the supraependyma and subependyma of 
the cerebral ventricles and the spinal central canal are innervated both 
by serotoninergic and catecholaminergic (CA) fibres. Supraependymal 5-HT 
axons were generally more abundant and created at places a large number 



of 



interconnected basket-like structures, whereas CA fibres were usually 
directed towards the ventricular lumen. In the lateral ventricles, CA 
fibres were more numerous in the ependyma lining grey matter, whereas a 
higher 5-HT innervation density was observed in the area between the 
corpus callosum and the caudate nucleus or the septum. In the 3rd 
ventricle, the ependyma of its dorsal^part exhibited a higher 5-HT and NA 
innervation density, whereas DA fibres were preferentially distributed in 
the ventral half of the basal region. The ependyma lining the cerebral 
aqueduct displayed, a higher MA innervation density in its ventral part. 
The ependymal wall of the 4th ventricle exhibited an extremely dense 5-HT 
innervation, mainly in the floor of the ventricle, relatively fewer NA 
fibres and only sparse DA ones. Few NA and relatively more 5-HT fibres 
were detected in the. ependyma of the. central canal. Finally, the 
circumventricular organs were unevenly innervated by the 3 types of MA 
fibres. The extensive monoaminergic innervation of the hedgehog 
ventricular system described here probably reflects a transitory 
evolutionary stage in the phylogeny of the MA systems with presently 
unknown functional implications. 
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Loss of substantia nigra dopaminergic neurons, which develop 
from the ventral. region of the midbrain, is associated with 
Parkinson's disease. During embryogenesis , induction of these and 
other ventral neurons is influenced by interactions with the induction of 
mesoderm of the notochord and the floor plate, which lies at the ventral 
midline of the developing CNS. Sonic hedgehog encodes a secreted 
peptide, which is expressed in notochord and floor plate cells and can 
induce appropriate ventral cell types in the basal forebrain and spinal 
cord. Here we demonstrate that Sonic hedgehog is sufficient to 
induce dopaminergic and other neuronal phenotypes in chick 
mesencephalic explants in vitro. We find that Sonic hedgehog is 
a general ventralizing signal in the CNS, the specific response being 
determined by the receiving cells. These results suggest that Sonic 
hedgehog may have utility in the induction of clinically important 
cell types. 



L4 ANSWER 4 0 OF 4 4 MEDLINE 
ACCESSION NUMBER: 95344779 
DOCUMENT NUMBER: 
TITLE- 



AUTHOR: 



CORPORATE SOURCE: 



SOURCE: 



MEDLINE 

95344779 PubMed ID: 7619528 

Induction of midbrain dopaminergic neurons by 
Sonic hedgehog. 

Hynes M;- Porter J A; Chiang C; Chang D; Tessier-Lavigne M; 
Beachy P A; Rosenthal A 

Department of Neuroscience , Genentech, Inc., South San 
Francisco, California 94080, USA. 
NEURON, (1995 Jul) 15 (1) 35-44. 

8809320. ISSN: 0896-6273. 



AN8; 



PUB. COUNTRY: 

LANGUAGE : 
FILE SEGMENT: 
ENTRY MONTH: 
ENTRY DATE: 



AB 



(JOURNAL ARTICLE) 



Journal code: 
United States 
Journal; Article; 
English 

Priority Journals 
- 199508 

Entered STN: 19950911 
■ Last Updated on STN: 19950911 
Entered Medline: 19950825 
Midbrain dopaminergic neurons, whose loss in adults results in 
Parkinson's disease, can be specified during embryonic development 
by a contact-dependent signal from floor plate cells. Here we show that 
the amino-terminal product of Sonic hedgehog autoproteolysis 
(SHH-N), an inductive signal expressed by floor plate cells, can induce 
dopaminergic neurons in vitro. We show further that manipulations 
to increase the activity of cyclic AMP-dependent protein kinase A, which 
is known to antagonize hedgehog signaling, can block 
dopaminergic neuron induction by floor plate cells. Our results 
and those of other studies indicate that SHH-N can function in a 
dose-dependent manner to induce different cell types within the neural 
tube. Our results also provide the basis for a potential cell 
transplantation therapy for Parkinson's disease. 
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AB No disturbance was seen either in cardiac rhythm or in temperature of 
hibernating Hedgehog (Erinaceus europaeus L. ) after an isotonic 
saline injection, with the help of a permanent aortic indwelling 
catheter. 

Partial or complete arousal was quickly obtained after increasing doses 

of 

norepinephrine (NE) , while dihydroxyphenylalanine (L-Dopa) , its 

natural precursor, induced the same effects more slowly. To differentiate 

the peripheral and central effects of L-Dopa, we used a 

pretreatment of Ro 4-4602, an inhibitor of the peripheral decarboxylation 
of L-Dopa; under these conditions we could not induce arousal in 
the hibernating animals. The arousals observed after NE and L-Dopa 
administration are suggested to be dependent upon a peripheral action of 
exogenous catecholamines, copying a natural mobilization of 
catecholamines 
reserves . 
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During the past year, the Drosophila genome has been sequenced. More 

60% of genes implicated in human disease have Drosophila orthologues. 
Developments in RNA-mediated interference and homologous recombination 
have made 'reverse genetics' feasible in Drosophila. Conventional 
Drosophila genetics is being' used increasingly to place human disease 
genes of unknown function in the context of functional pathways. 
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AB Homeobox genes have recently been demonstrated to be important for the 
proper patterning of the mammalian telencephalon. One of these genes is 
Gsh2, whose expression in the forebrain is restricted to the ventral 
domain. In this study, we demonstrate that Gsh2 is a downstream target of 
sonic hedgehog and that lack of Gsh2 results in profound defects 
in telencephalic development. Gsh2 mutants have a significant decrease in 
the expression of numerous genes that mark early development of the 
lateral ganglionic eminence, the striatal anlage. Accompanying this early 
loss of patterning genes is an initial expansion of dorsal telencephalic 
markers across the cortical-striatal boundary into the lateral ganglionic 
eminence. Interestingly, . as development proceeds, there is compensation 
for this early loss of markers that is coincident with a molecular 
re-establishment of the cortical-striatal boundary. Despite this 
compensation, there is a defect in the development of distinct 
subpopulations of striatal neurons. Moreover, while our analysis suggests 
that the migration of the ventrally derived interneurons to the 
developing 

cerebral cortex is not significantly, affected in Gsh2 mutants, there is a 

distinct delay in the appearance of GABAergic interneurons in 

the olfactory bulb. Taken together, our data support a model in which 

Gsh2, in response to sonic hedgehog signaling, plays a crucial 

role in multiple aspects of telencephalic development. 
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AB Embryonic stem (ES) cells are clonal cell lines derived from the inner 
cell mass of the developing blastocyst that can proliferate extensively 



in 



ES 



vitro and are capable of adopting all the cell fates in a developing 
embryo. Clinical interest in the use of ES cells has been stimulated by 
studies showing that isolated human cells with ES properties from the 
inner cell mass or developing germ cells can provide a source of somatic 
precursors. Previous studies have defined in vitro conditions for 
promoting the development of specific somatic fates, specifically, ■ 
hematopoietic, mesodermal, and neurectodermal . In this study, we present 

method for obtaining dopaminergic (DA) and serotonergic neurons in high 
yield from mouse ES cells in vitro. Furthermore, we demonstrate that the 
ES cells can be obtained in unlimited numbers and that these neuron types 
are generated efficiently. We generated CNS progenitor populations from 



cells, expanded^^^e cells and promoted their d^^i 

dopaminergic anc^Wrotonergic neurons in the preJ^P^e 

specific signaling molecules. The differentiation and maturation of 
neuronal cells was completed after mitogen withdrawal from the growth 
medium. This experimental system provides a powerful tool for analyzing 
the molecular mechanisms controlling the functions of these neurons in 
vitro and in vivo, and potentially for understanding and treating 
neurodegenerative and psychiatric diseases. 
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This investigation represents a first study dealing with the dimorphic 
differences of the main alpha-containing gamma-aminobutyric acid ( 
GABA(A)) receptors in the brain of two distantly related mammals ( 
hedgehog and rat) . The labeling of these receptors in the presence 
of Zolpidem (highly selective benzodiazepine agonist) and under the 
different degree of GABA (A) /benzodiazepine allosteric coupling 
activities accounted for a heterogeneous colocalization of 
alphal -enriched 

and of alpha2/3-enriched and alpha5-enriched GABA (A) receptors 
in some areas of the cortico-basal ganglia system (including the 
important 

ventrolateral thalamic station) of both mammalian sexes. In the 
hedgehog, the greatest (P<0.001) GABA- dependent 

reduction of Zolpidem ' inhibition constants was mostly registered in 
alphal- and/or alphaS-enriched areas, such as the frontoparietal cortex 
lamina III (235%), ventrolateral thalamic nucleus (128%), and substantia 
nigra pars reticulata (110%) of the male. However, the greatest 
reductions 

in the rat were instead detected in the male substantia nigra pars 
reticulata (192%) and female striatum (120%), areas which are enriched 
either by the colocalization of alphal- with alpha2/3-subunits or by all 
three alpha-subunits . These results support the contention that, a 
sex-related alpha-containing GABA(A) receptor sensitivity 
constitutes an important element in^ the execution of skilled motor 
activities during the different socio-sexual behaviors of the two 
mammals . 
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The telencephalon is organized, into distinct longitudinal domains: the 
cerebral cortex and the basal ganglia. The basal ganglia primarily 
consists of a dorsal region (striatum) and a ventral region (pallidum) . 
Within the telencephalon, the anlage of the pallidum expresses the Nkx2 . 1 
homeobox gene. A mouse deficient in Nkx2 . 1 function does not form 
pallidal 

structures, lacks basal forebrain TrkA-positive neurons (probable 
cholinergic neurons) and has reduced numbers of cortical cells expressing 
GABA, DLX2 and calbindin that migrate from the pallidum through 
the striatum and into the cortex. We present evidence that these' 
phenotypes result from a ventral-to-dorsal transformation of the pallidal 
primordium into a striatal-like anlage. 
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Fluorescence calcium imaging with fura-2 and whole cell, patch-clamp 
electrophysiology was applied to cultured Kenyon cells (interneurons ) 
isolated from the mushroom bodies of adult crickets (Acheta domesticus) 

demonstrate the presence of functional neurotransmitter receptors. In all 
cells investigated, 5 microM acetylcholine (ACh, n = 52) evoked an 
increase in intracellular free calcium ([Ca2+]i). Similar effects were 
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observed in resj^^H to 10 microM nicotine. The response was 

insensitive to ^Rpine (50 microM) but was redud^P'by mecamylamine (50 
microM) and alpha-bungarotoxin (alpha-bgt, 10 microM) . ACh-induced inward 
ion currents (n = 28, EACh approximately 0 mV) were also blocked by 1 
microM mecamylamine and by 1 microM alpha-bgt. Nicotine-induced inward 
currents desensitized more rapidly than ACh responses. Thus functional 
alpha-bgt-sensitive nicotinic ACh receptors are abundant on all Kenyon 
cells tested, and their activation leads to an increase in [Ca2+]i. 
gamma-Aminobutyric acid (GABA, 100 microM) triggered a sustained 
decrease in [Ca2+]i. Similar responses were seen with a GABAA 
agonist, muscimol (100 microM), and a GABAB agonist, 3-APPA (1 
mM) , suggesting that more than one type of GABA receptor can 
affect [Ca2+ii. This action of GABA was not observed when the 
extracellular KCl concentration was lowered. All cells tested (n = 26) 
with patch-clamp electrophysiology showed picrotoxinin (PTX) -sensitive, 
GABA-induced (30-100 microM) currents with a chloride-sensitive 
reversal potential. Thus, an ionotropic PTX-sensitive GABA 
receptor was found on all Kenyon cells tested. Most (61%) of the 54 cells 
studied responded to -glutamate (100 microM) application either with a 
biphasic increase in [Ca2+]i or with a single, delayed, sustained [Ca2-f]i 
increase. Nearly all cells tested (95%, n = 19) responded to (100 microM) 
-glutamate with rapidly desensitizing, inward currents that reversed at 
approximately -30 mV. Dopamine (100 microM) elicited either a rapid or a 
delayed increase in [Ca2+]i in 63% of the 26 cells tested. The time 
course 

of these responses- varied greatly among cells. Dopamine failed to elicit 
currents in patch-clamped cells (n = 4). A brief decrease in [Ca2+]i was 
induced by octopamine (100 microM) in approximately 54% of the cells 
tested (n = 35) . However, when extracellular CaC12 was lowered, 
octopamine 

triggered a substantial increase in [Ca2+]i in 35% of the cells tested (n 
= 26) . No octopamine-elicited currents were detected in patched 
-clamped cells (n = 10) , 
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AB Neuronal restricted precursors (NRPs) () can generate multiple 

neurotransmitter phenotypes during maturation in culture. 
Undifferentiated 

E-NCAM+ (embryonic neural cell adhesion molecule) immunoreactive NRPs are 
. mitotically active and electrically immature, and they express only a 
subset of neuronal markers. Fully mature cells are postmitotic, 
process-bearing cells that are neurof ilament-M and synaptophysin 
immunoreactive, and they synthesize and respond to different subsets of 
neurotransmitter molecules. Mature neurons that synthesize and respond to 
glycine, glutamate, GABA, dopamine, and acetylcholine can be 
identified by Immunocytochemistry, RT-PCR, and calcium imaging in mass 
cultures. Individual NRPs also generate heterogeneous progeny as assessed 
by neurotransmitter response and synthesis, demonstrating the multipotent 
nature of the precursor cells. Differentiation can be modulated by sonic 
hedgehog (Shh) and bone morphogenetic protein (BMP) -2/4 molecules. 
Shh acts as a mitogen and inhibits differentiation (including cholinergic 



dif f erentiation^^BpSP-2 and BMP-4, in contrast, i^^bit cell division and 

promote dif f eren^^^ion (including cholinergic d^lPferentiation) . Thus, a 
single neuronal precursor cell can differentiate into multiple classes of 
neurons, and this differentiation can be modulated by environmental 
signals . 
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Sonic hedgehog promotes the survival of specific 
CNS neuron populations and protects these cells from toxic 
insult In vitro. 

Miao N; Wang M; Ott J A; D'Alessandro J S; Woolf T M; 
Bumcrot D A; Mahanthappa N K; Pang K 

Ontogeny, Inc., Cambridge, Massachusetts 02138, USA. 
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Sonic hedgehog (Shh) , an axis-determining secreted protein, is 
expressed during early vertebrate embryogenesis ' in the notochord and 
ventral, neural tube. In this site it plays a role in the phenotypic 
specif ication 'of ventral neurons along the length of the CNS. For 
example, 

Shh induces the differentiation of motor neurons in the spinal cord and 
dopaminergic neurons in the midbrain. Shh expression, however, persists 
beyond this induction period, and we have asked whether the protein shows 
novel activities beyond phenotype specification. Using cultures derived 
from embryonic day 14.5 (E14. 5) rat ventral mesencephalon, we show that 
Shh is also trophic for dopaminergic neurons. Interestingly, Shh not only 
promotes dopaminergic neuron survival, but also promotes the survival of 
midbrain GABA-immunoreactive (GABA-ir) neurons. In 

cultures derived from the E15-16 striatum, Shh promotes the survival of 
GABA-ir interneurons to the exclusion of any other cell type. 
Cultures derived from E15-16 ventral spinal cord reveal that Shh is again 
trophic for interneurons, many of which are GABA-ir and some of 
which express the Lim-1/2 nuclear marker, but it does not appear to 
support motorneuron survival. Shh does not support the survival of 
sympathetic or- dorsal root ganglion neurons. Finally, using the midbrain 
cultures, we show that in the presence of MPP+, a highly specific 
neurotoxin, Shh prevents dopaminergic neuron death that normally would 
have occurred. Thus Shh may have therapeutic value as a protective agent 
in neurodegenerative disease. 
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AB 1. To identify the\type(s) and properties of inhibitory postsynaptic 

receptor (s) involved in synaptic transmission in cultured rat embryonic 
spinal cord and medullary neurons, we have used whole cell patch-clamp 
techniques to record miniature inhibitory postsynaptic currents (mlPSCs) 
in the presence of tetrodotoxin, DL-2-amino-5-phosphonovaleric acid, and 
6-cyano-7-nitroquinoxaline-2, 3-dione . 2. The mlPSCs recorded from both 
spinal cord and medullary neurons had skewed amplitude distributions. 3. 
The glycinergic antagonist strychnine and the GABAergic 
antagonist bicuculline each decreased both the frequency and mean peak 
amplitudes of mlPSCs. We conclude that both glycine and 

gamma-aminobutyric 

acid (GABA) are neurotransmitters at inhibitory synapses in our 
cultured cells. 4. Most (approximately 96-97%) mlPSCs decay with 
single-exponential time constants, and decay time distributions were 
consistently best fitted by- the sum of four Gaussians with decay 

constants 

as follows: Dl = 5.8 +/- 0.1 -(SE) ms .(n = 63), D2 - 12.2 +/- 0 . 2 ms (n = 
61), 03 = 23.2 +/- 0.4 ms (n = 54), ,and D4 = 44.7 +/- 1.0. ms (n = 57). We 
conclude that the four classes of decay times represent kinetically . 
different inhibitory postsynaptic receptor populations. 5. Strychnine and 
bicuculline usually had one of two different effects on the mlPSC decay 
time constant distributions; either selective decreases in the frequency 
of mlPSCs with decay times in certain classes (i.e., the Dl class was 
reduced by bicuculline, the D2 class by strychnine, and the D3 and D4 
classes by both antagonists) or a nonselective depression in the 
frequency 

of mlPSCs with decay times in all four classes. The particular effect 
observed in a given neuron was correlated with the presence or absence of 
ATP and guanosine 5 ' -triphosphate (GTP) in the patch pipette .* Namely, in 
71% of the antagonist applications where the pipette contained ATP and 
GTP, the result was a nonselective decrease in mlPSCs in all decay time 
constant classes. Conversely, in 54% of the antagonist applications in 
their absence, the result was a selective decrease in the frequency of 
mlPSCs in specific decay time constant classes. 6. In some experiments, . 
mlPSCs reappeared in antagonist solution after an essentially complete, 
block. Recovery from block in the continued presence of antagonist was 
never observed in the absence of ATP and GTP (8 neurons), and, at the 

same 

time, 5 of 9 neurons patched with ATP and^GTP in the pipette did 
show recovery (56%). 
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1. Whole-cell patch recording were made with dye-filled electrodes from 
layer IV in slices of the ferret striate cortex. Projections from the 
thalamus and layer VI provide most of the extralaminar input to layer IV. 
Interactions between these two pathways are thought to play a role in the 
generation of suppressive non-linearities such as end-inhibition. Thus, 
synaptic responses evoked by stimulating each pathway individually were 
compared with those produced by activating both projections together. 2. 
Spiny- stellate cells are the- majority population in layer IV and were the 
most frequently patched neurons (n = 23); all fired adapting 
trains of large, fast action potentials. About half of those tested (n = 
13) were progressively inhibited by strengthening the stimulus to layer 
VI, while the rest became more excited. For the former, the response 
evoked by stimulating both pathways in coincidence was often more 
hyperpolarizing than would have been predicted by summing the responses 



either projection alone (n = 4). Hence, the inputs from the thalamus and 
layer VI are integrated by circuits that can produce strong andv 
non-linear 

inhibition. 3. Recordings from various basket cells, which are 
inhibitory, 

have provided a first view of the suppressive circuits- in layer IV (n = 
5). Two cells were excited by stimulation of both pathways. The remaining 
three cells were mainly excited by activation of thalamic afferents but 
were largely inhibited by stimulation of layer VI. Thus, inhibition seen 
at the level of the spiny stellate cells could result from two mechanisms 
operating via, presynaptic smooth cells; convergent excitation provided by 
both ascending pathways on the one hand, and a push-pull relationship 
between pathways on the. other. 
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Gamma aminobutyric acid (GABA) -immunoreactive neurons of the 
paraventricular organ of the bony fish Coregonus albus send dendrites 
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AB 



into 



the third ventricle. Their axons run to the synaptic zone of the 
infundibular lobe. The dendrites may take up some chemical information 
' from the third ventricle, while the axons communicate it to the neuropil 
of the hypothalamus perhaps to modify its activity according to the state 
of the CSF. Serotonin-immunoreactive CSF-contacting neurons in the spinal 
cord of the hagfish Myxine glutinosa from dendrite terminals in the 
central canal and bear stereocilia like known mechanoreceptors.. The 
Reissner's fiber runs above the stereocilia and flows out from the 
central 



canal through i^^Budal opening. Possibly, the jflfer keeps open this 

aperture and ensc^?s the flow of the GSF, which nJPLserve as a 

mechanoreceptory input for the CSF-contacting neurons. In the pineal 
recess of hedgehog, CSF-contactihg pinealocytes develop enlarged 
cilia corresponding to the photoreceptor outer segments of submammalian 
pinealocytes. Potassium pyroantimonate cytochemistry shows a similar 
localization of calcium ions in the mammalian pinealocyte as in -the 
submammalian photoreceptor ones. Pineal calcifications are present in 

some 

birds (goose, duck) and may be connected to the photoreceptory 
Ca-exchange 

of the pineal organ. Axonic processes of pinealocytes form synapses on 
secondary neurons in mammals (hedgehog, rat, cat). -Such neurons 
are also present in human pineals. Axons of these neurons constitute a 
pinealofugal pathway. In the cat, some of the intrinsic pineal neurons 

are 

GABA-immunoreactive, they form axodendritic and axo-axonic 
synapses (inhibitory?), on immunonegative neurons and pinealocytes, 
respectively. (ABSTRACT TRUNCATED AT 250 WORDS) 
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AB Morphologically the mammalian pineal organ is a part of the diencephalon . 

It represents a neural tissue histologically ("pineal nervous tissue") 
and ■ * 

is dissimilar to endocrine glands. Submammalian pinealocytes resemble the 
photoreceptor cells of the retina, and some of their cytologic 
characteristics are preserved in the mammalian pinealocytes together with 
compounds demonstrable by cyto- and immunocytochemistry and participating 
in, photochemical transduction. In our opinion, the main trend of today *s 
literature on pineal f unctions--only considering the organ as a common 
endocrine gland — deviates from this structural and histochemical basis. 
In ' 

mammals, similar to the lower vertebrates, the pinealocytes have a 
sensory 

cilium developed to a different extent. The axonic processes of 
pinealocytes form ribbon-containing synapses on secondary pineal neurons, 
and/or neurohormonal terminals on the basal lamina of the surface of the 
pineal nervous tissue facing the perivascular spaces. Ribbon-containing 
axo-dendritic synapses were found in the rat, cat, guinea pig, ferret, 



and 



hedgehog. In the cat, we found GABA-immunoreactive 

interneurons, while the secondary nerve cells, whose axons enter the 
habenular commissure, were GABA-immunonegative . GABA 

-immunogold-labeled axons run between pinealocytes and form axo-dendritic 
synapses on intrapineal neurons. There is a similarity between the light 
and electron microscopic localization of Ca ions in the mammalian and 
submammalian pineal organs and retina of various vertebrates. Calcium 
pyroantimonate deposits — showing the presence of Ca ions — were found in 



the outer segme^^^f the pineal and retinal pho1j^|eceptors of the frog. 

In the rat and raffln pineal organ, calcium accuml^^ed on the plasmalemma 
of pinealocytes and intercellularly among pijiealdcytes . The formation of 
pineal concrements in mammals may be connected to the high need for Ca 
exchange of the pinealocytes for their supposed receptor and effector 
functions . 
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AB The distribution pattern and the morphology of vasoactive intestinal 

polypeptide (VIP)- and cholecystokinin (CCK) -like-immunoreactive neurons 
were studied in the brain of the hedgehog and the sheep by means 
of the peroxidase-antiperoxidase immunocytochemical method. A total of 34 
hedgehogs and 26 sheep of both sexes were used. Fourteen hedgehogs and 13 
sheep received an intracerebroventricular injection of colchicine that 
enhanced the immunostaining and revealed "new" immunoreactive cell 
bodies. 

VIP-immunoreactive bipolar and multipolar neurons were observed in both 
species in the cerebral cortex, hippocampal formation, amygdaloid 
complex, 

hypothalamus, and central gray substance of the midbrain. 

CCK- immunoreactive bipolar, bitufted, and multipolar neurons displayed a 

broader distribution in both mammals than VIP neurons and were found in 

the cerebral cortex, the hippocampal formation, the amygdaloid complex, 

the hypothalamus, the mesencephalon, and the pons. In the cortex, in both 

the hedgehog and the sheep, VIP neurons were located in all 

layers but were concentrated in layers II and III, with the majority 

being 

typical bipolar. CCK neurons were more numerous in the superficial layers 
(I-III) but were found in the deep layers as well. They were bipolar, 
bitufted, or multipolar in morphology. From these neurons a small 
percentage, which were located almost exclusively in layers II and III of 
the visual cortex, exhibited also VIP immunoreactivity . Perikarya of such 
double-labeled cells were ovoid or round in shape with one or two main 
processes emanating from each pole of the cell body and oriented 
perpendicularly to the pia. The coexistence of the two peptides within 
individual neurons of the cortex has not been reported in other species 
and its physiological significance is discussed in relation to the 
GABAergic neurons of the cortex. 
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